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PREFACE. 


Since the publication ill 1874 of Crookes's "Handbook of 
Dyeing and Calico Printing,” in which some space is given to 
an account of the chemistry at that time known of the natural 
colouring matters, no volume dealing with this subject in any 
detail has appeared in the Knglish language. 

Indeed, prior to the year 1880, excepting in the cases of 
Madder and Indigo, very little was known of the chemical 
structure of these colouring matters, and, in fact, it is only 
during the last thirty years that sufficient information has 
been gained to render the publication of a work bearing ex¬ 
clusively on this subject of real value. 

In 1900 the first volume of Rupe’s well-known handbook 
“ Die Chemie der Natiirlichen Karbstoffe ” appeared, and, 
owing to the revival of interest in the investigation of these 
substances and to the large amount of new knowledge which 
had rapidly accumulated, a second volume was added in 
1909. This handbook has, however, not been translated into 
English, and as a very considerable mass of new facts have 
come to light during the past decade, a new treatise on the 
subject seemed advisable. 

The present volume has been compiled with the object of 
giving as complete an account as possible of the properties 
of the natural colouring matters, including more particularly 
a discussion of those facts which have led to a determination 
of their constitutions. The intention has been to make this 
book not only of interest to the student but of value as a 
work of reference to the investigator, and with the latter 
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object in view, special attention has been directed, in the case 
of many of these substances, to the details which are essential 
for their isolation and purification. Certain chapters are based 
on articles which have already appeared in Thorpe’s “ Diction¬ 
ary of Applied Chemistry ".* These have been re-modelled in 
many cases and enlarged by the addition of such new matter 
as seemed desirable. 

It is well known that the technical value of the Natural 
Dyestuffs has greatly decreased of late years, and indeed 
some, which were at one time largely used, have become 
almost entirely obsolete, at least throughout the Western 
Hemisphere. Nevertheless, while certain of these are still 
found to be of some service, though only employed in trifling 
aipount, considerable quantities of others, notably logwood, 
fustic, Persian berries, and catechu, are in daily use. 

The attempts which have been made to utilise the more 
readily accessible of the naturally occurring colouring matters 
as starting-points in the building up of synthetic dyes of 
greater value, have as yet met with comparatively little suc¬ 
cess, but this field is far from exhausted, and may yet afford 
results of economical and technical importance. 

On the other hand, the employment of these dyestuffs for 
the colouring of articles of food, of oils and the like, for which, 
on account of their harmless nature, they are well suited, is 
extending. This useful application has indeed been recog¬ 
nised for a considerable time as possible, but it is only within 
recent years, and more especially on the Continent, that any 
large development has taken place in this direction. In cer¬ 
tain of the moie important synthetic dye factories, special 
laboratories have been assigned to the study of this develop¬ 
ment, and much work has been done both on the economical 
isolation of certain of these colouring matters in a condition 
sufficiently pure for use, etc., and on the preparation of soluble 
derivatives therefrom. 

These products, prior to the war, were imported into this 

• " A Dictionary of Applied Chemistry." By Sir Edward Thorpe, C.B., 
LL.D., F.R.S. Longmans, Green & Co., London and New York. » 
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and other countries in considerable amount, and the money 
value of this trade was large and on the increase. 

Apart from these technical considerations, there is hardly a 
group of substances in the whole range of organic chemistry 
which offers greater fascination to the purely scientific investi¬ 
gator than the study of the najjtraUy occurring colouring 
.matters and the elucidation of their remarkable relationships 
to one another. 

Leeds, Oc/oier, 1918. 
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INTRODUCTION 

D URING the last four or five decades the Appli¬ 
cations of Chemistry have experienced an extra¬ 
ordinary development, and there is scarcely an industry 
that has not benefited, directly or indirectly, from this 
‘expansion. Indeed, the Science trenches in greater or 
less degree upon all departments of human activity. 
Practically every division of Natural Science has now 
been linked up with it in tlie common service of man¬ 
kind, So ceaseless and rapid is this expansion that 
the recondite knowledge of one generation becomes a 
part of the technology of the next. Thus the conceptions 
of cheimsl dynamics of one decade become translated 
into the current practice of its successor; the doctrines 
concerning chemical structure and constitution of one 
period form the basis of large-scale synthetical processes 
of another; an obscure phenomenon like Catalysis is 
found to be capable of widespread application in manu¬ 
facturing operations of the most diverse character. 

This series of Monographs will afford illustrations of 
these and similar facts, and incidentally indicate their 
bearing on the trend of industrial chemistry in the near 
future. They will serve to show how fundamental and 
the relation of principle to practice. They 
will affdra isJthmples of the application of recent know¬ 
ledge to modern manufacturing procedure. As regartls 



their scope, it should be stated the books are rf>t intended,, 
to cover the whole ground of the technology of the matters 
to which they relate. They are not concerned with the 
technical minutict of manufacture except in so far as these 
may be necessary to elucidate some point of principle. In 
some cases, where the subjects touch the actual frontiers 
of progress, knowledge is so very recent and its applica¬ 
tion so very tentative that both are almost certain to 
experience profound modification sooner or later. This, 
of course, is inevitable. But even so such books have 
more than an ephemeral interest. They are valuable as 
indicating new and only partially occupied territory ; and 
as illustrating the vast potentiality of fruitful conceptions 
and the worth of general principles which have shown 
then^selves capable of useful service. 

Organic Compounds of Arsenic and Antimony. By Gilbert T.. 
Morgan, D.Sc., F.R.S., F.I.C., M.R.I.A., A.R.C.Sc., Professor 
of Applied Chemistry^City and Guilds Technical College, Fins! 
bury, London. 16s. net. 
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0, fid. net. 
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INTRODUCTION. 



The employment of natural dyestuffs dates back to remote anti¬ 
quity, and we have no knowledge when their tinctorial properties were 
first discovered and what was the original method of their applica¬ 
tion. It is to be presumed that the first steps in the art of dyeing 
resulted from the accidental staining of the skin or fabric by a vege¬ 
table material, and were followed by the use for this purpose of ex- 
tracts of this and of other similar products which possessed colour* 
In this manner certain fairly permanent effects due to a real attrac¬ 
tion between colouring matter and fibre would come to light, and a 
substantive natural dyestuff would thus be revealed. On the other 
hand, substantive dyestuffs occur but rarely in nature, and it was not 
until the discovery of the art of mordanting, known, however, at a 
very early date in Hindustan and the Far East, that any consider¬ 
able advance in real dyeing became possible. The mordants at 
first employed consisted evidently of the naturally occurring sulphates 
of aluminium and iron, the former being the most valuable for this 
purpose. Indeed Bancroft in his “ Philosophy of Permanent Colours ” 
(1813) remarks that the discovery of alum was one of the most 
important events in the history of dyeing. A method became thus 
available for the utilisation of the numerous adjective or mordant 
dyestuffs with which nature abounds, and moreover varied coloured 
effects of a really permanent character, previously unknown except 
perhaps in the case of indigo dyed materials, could now be produced 
by the dyer. A knowledge of the use of these salts gradually spread 
bom India and Persia to Egypt, thence to Greece and Rome, and 
ultimately farther westward, of which matters an interesting account 
is given by Bancroft (loc. cit.). Important, again, for the progress of 
dyeing was the discovery of America, which resulted in the intro¬ 
duction into Europe of valuable dyestuffs previously unknown, such 
as logwood, brazil-wood, and cochineal. 

The variety of natural products which have been and still are 
employed tor dyeing is laige, though the use of many of these has 
beat confined to the uncivilised or semi-civilised countries in which 
they abound. Jhose which have acquired economic importance 
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are comparatively few in number, and may be said to represent the 
survival of the fittest since no better natural dyestuffs are known, 
or are likely to be discovered in the future. These comprise:— 


Logwood 

Alkanet 

Young fustic 

Brazil-wood 

Cochineal 

Quercitron bark 

Sanders-wood 

Lac-dye 

Persian berries 

Barwood 

Turmeric 

Old fustic 

Camwood 

Annatto 

Safflower 

Caliaturwood 

Orchil ? 

Indigo 

Madder 

Weld 

Woad? 


Without doubt, this list could have been usefully extended in the 
past by the inclusion of certain of the native Indian dyes, such as 
Chay root and Morinda root, etc., had better methods of cultivation 
jreen adopted and a more exact knowledge of their tinctorial pro¬ 
perties been obtained. 

Whereas the majority of these dyes, owing to the advent of arti¬ 
ficial colours, are now of limited importance, considerable quantities 
of logwood, old fustic, Persian berries, and catechu still find appli¬ 
cation, and though the use found for the remainder is trivial in the 
extreme compared with that of former days, it cannot be said that 
any have entirely disappeared from the market. A revival indeed of 
the employment of natural dyes has occurred at the present time, due 
to the scarcity of the artificial colouring matters, but this cannot be 
of a permanent character. Owing to the easy solubility of the natural 
colouring matters, especially in presence of other extractive matter 
derived from the plant, which permits of their ready absorption by 
the fabric during the dyeing process, and to the fact that the majority 
yield with mordants colours of a more or less permanent character, as 
a class they suffered but little in general estimation during the twenty 
years which succeeded the advent of the artificial dyes. Madder up 
to that time the most important of all colouring matters, was, however, 
soon superseded by the synthesis on a commercial scale of its main 
colouring matter, and the gradual introduction of the brighter and 
more easily applied azo dyestuffs caused a steady decline in the em¬ 
ployment of other of these natural products. Indigo, the most im¬ 
portant survivor of the vegetable group, is now produced artificially, 
and there can be little doubt that the virtual extinction of the 
remaining members of this class which still find application is merely 
a matter of time. 

In addition to the commercially important natural dyestuffs, there 
are a very large number, which on account of their inferior tinctorial 
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strength, and for other reasons, are now practically unused Among 
these are to be found kermes, the oldest dyestuff on record, dyer's 
broom, green ebony, onion skins, alder bark, saw-wort, and walnut 
skins, all of which were of service in the past, more especially to the 
home dyer in whose district they were available. Even at the present 
day heather and a species of lichen known as “ crottle " are still em¬ 
ployed in the outlying districts of Scotland and Ireland, and the 
use of other of these secondary natural dyestuffs may still prevail 
in like case to a minor extent throughout Europe. Of the Eastern 
dyestuffs which come under this category there are a considerable 
variety, including, in addition to those previously mentioned, the root 
bark of the Ventilago madraspatana, the bark of the Myrica nagi or 
rubra, the flowers of the cotton plant and of the Butea frondosa 
(Tesu flowers), the Ceireela toona and Thespasia lampas , Kamala, 
Warns, pomegranate rind, Lokao, and the buds of the Sophora % 
japonica. In certain of our museums, again, specimens of numerous 
so-called natural dyestuffs are to be found, mostly originating from the 
East, which merely dye or stain fabrics indefinite shades of a brown 
or brownish-red colour. Many of these no doubt contain red phloba- 
phens formed by an alteration of a catechol tannin, whereas probably 
in others the small amount of dye originally present has suffered 
decomposition. Though natural products which are, or have been, 
employed for dyeing fabrics are extremely numerous, they represent 
but a small portion of those vegetable products in which colouring 
matter is present. Indeed it is hard to find a plant which, taken as 
a whole, does not possess the property of dyeing with mordants. 
That this is the case has been well known for a considerable time, 
and-in the older treatises on dyeing, more especially Bancroft’s 
"Philosophy of Permanent Colours" (1813) and the “Matures 
tinctoriales ” of Leuchs (1839), many plants possessing this character 
are described. Very generally the mere trace of dye present gives 
yellow shades on aluminium mordant, and this whilst far too weak 
in character to have interested the dyer of the past, has now little 
interest for the chemist owing in general to its identity with one 
or other of the substances present in some more readily available 
commercial product. 

Though there is no rule by which the existence of a dye in this 
or that portion of a plant can be predicted with any certainty, the 
colouring matter in general is most prolific in the leaf or flower, and 
absent in most cases from the fruit, stem, bark, and root. On the 
other hand, when present in the latter, these are usually rich in 
colouring matter, as is the case with Persian berries, the dyewoods, 
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quercitron bark, and madder. Colourless or yellow Sowers capable of 
dyeing, such as white clover and the yellow primrose, give yellow shades 
on aluminium mordant, due to the presence of flavone or fiavonol 
glucosides, and these, frequently contained also in red, blue, or violet 
flowers, are a cause of the green shades they give on aluminium 
mordant, which otherwise in their absence would be dyed blue as the 
result of the anthocyanin present. In but rare cases is the yellow.dye 
present responsible for the yellow tint of the flower, for this, usually 
in the form of glucoside, is more or less colourless. The tint of the 
latter, in fact, is frequently due to carotin or a similar substance 
which like this is insoluble in water and devoid of dyeing property. 
Occasional instances are, however, met with in which the colour of 
the petal appears to be due to the presence of a yellow acid potassium 
salt of the flavone glucoside. Very interesting was the discovery by 
• the late Dr. Hugo Muller that flavone is the main constituent of 
the 11 farina ” or “ flour ” which accumulates on the leaves of certain 
varieties of the primula. 

As the history of the chemistry of this subject is given in detail 
later on in respect of each individual dyestuff, many points of con¬ 
siderable interest are purposely omitted in the following brief general 
statement. During the early part of the last century numerous in¬ 
vestigations on the nature and general reactions of the colouring 
matters present in the natural dyestuffs were carried out, and as the 
subject was then of considerable technical importance, much space 
was given to an account of the results in the older manuals of dyeing. 
These, now difficult of access, and indeed out of print, were Ban¬ 
croft’s “ Philosophy of Permanent Colours,” 1813 ; Berthollet, “On 
Dyeing,” translated by Ure, 1814; “ Matures tinctoriales,” Leuchs, 
1829; “ Lemons de chimie appliquie i la teinture,” Chevreul, 1830; 
" Traite des matures colorantes,” Schutzenberger, 1867; and Crookes’ 
“ Dyeing and Calico Printing,” 2874. Points of interest are also to 
be found in the still older volume by Hellot on “The Art of Dyeing 
Wool, Silk, and Cotton,” 1789. 

The most important of this early work was due to Chevreul, 
who in i8ro isolated hsematoxylin from logwood and brazilin from 
brazil-wood, in 1824 morin from old fustic, and at about the same 
period luteolin from weld, fisetin (then termed fustin) from young 
fustic, quercitrin from quercitron bark, and ellagic acid from gall- 
nuts. In addition to these substances, which are described as crystal¬ 
line, Chevreul prepared a crude bixin from annatto and proved 
that a compound capable of developing indigo, rather than indigo 
itself, it present in the Migoftra. Almost at the same time (1818) 
4 



INTRODUCTION 


Pelletier end Caventou obtained carminic acid from cochineal, whereat 
to Robiquet and Colin, in 1826, we owe the first isolation of alizarin 
from madder, followed a year later by the discovery of purpurin in 
the same plant. To the first-named chemist is also to be ascribed the 
detection, in 1849, of orcin from the Variolaria dealbata, a variety of 
lichen employed for the manufacture of orchil. In addition to these 
colouring matters of commercial importance, others las valuable 
tinctorially were discovered about this period, among them being 
berberine (1826), datiscin (1816), gentisin (1827), and rutin (184a). 
Indeed it may be said that by the end of i860 few, if any, of the 
natural tinctorial products readily available had escaped attention. 
The majority of the colour preparations of these older workers were 
crystalline, and occasionally chemically pure, as, for instance, the 
carminic acid of Warren de la Rue (1847), and the methods then 
devised for their isolation have often proved to be of considerable • 
service to later investigators. 

In 1847 a more critical study of madder was commenced by 
Schunck (Ann. Chem. Pharm., 66, 176), with the result that it was 
soon evident that this root contained in addition to alizarin and 
purpurin also a small amount of a complex mixture of yellow crystal¬ 
line substances now known to be anthraquinone derivatives. Again, 
it became apparent that certain at least of these compounds were 
present in the root as glucosides, and eventually the true glucoside 
of alizarin, the ruberythric acid of Rochleder (1851) termed rubianic 
acid by Schunck, was isolated in a pure condition. Schunck, from 
an analysis of the potassium salt of ruberythric acid, deduced for 
alizarin the formula C u H 1( | 0 „ and this was subsequently altered by 
Graebe and Liebermann to C u H s O ( . The preparation of alizarin 
and purpurin from madder, at best a very tedious process, was simpli¬ 
fied to some extent somewhat later by the appearance on the market 
of preparations designed for calico printing containing the colouring 
matter in a more concentrated form. Such were the commercial 
“purpurin”and “green and yellow alizarins” of Kopp (1864), the 
essential feature in their manufacture being the extraction of the 
ground root with aqueous sulphurous acid. To within the last fifteen 
years this operation was still carried out in France, the “ purpurin ” 
thus obtained yielding a lake the shade of which was difficult to 
obtain ip other ways. Alizarin, considered to be at first a derivative 
of naphthalene, was subsequently recognised by Graebe and Lieber- 
mann, who employed Baeyer's method of zinc-dust distillation, as 
a derivative of anthracene, and the suspicion that it was in reality 
a dihydroxy-anthraquinone was confirmed, as is well known, by its 
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synthesis in 1868. The production of alizarin on the manufacturing 
scale no doubt gave hopes of a similar commercial success with 
other important natural colouring matters, but this, except in the 
case of indigo, has not been realised, and has been, indeed, un¬ 
necessary owing to the production of artificial colours thgt can be 
more easily applied to fabrics. 

In 1865 Baeyer commenced the long series of researches which 
led to the synthesis of indigotin, and in 1880 his well-known method 
for its production from u-nitrocinnamic acid was announced. The 
accounts of these and other researches which have culminated in the 
manufacture of artificial indigo, are so fully given elsewhere that 
their repetition here is unnecessary. 

Before 1890 little real advance was made in the determination of 
the actual structure of other commercial natural colouring matters, 

* and, indeed, in many cases their correct formula were still in doubt. 

Carminic acid, the colouring matter of cochineal, first obtained 
crystalline by Schutzenberger in 1867, had, however, received con¬ 
siderable attention, and the production from it of tri-nitrococussic 
acid (trinitrocresotinic acid} by Warren de la Rue (1847), of coccinin 
by Hlasiwetz and Grabowski in 1869, and the bromcarmines by Will 

* and Leymann in 1885, have proved of considerable value to later 
workers. That progress here was slow can now hardly be wondered 
at, because of all the natural colouring matters hitherto submitted to ex¬ 
haustive investigation, carminic acid, perhaps, has appeared the most 
elusive in disclosing the true nature of its structure. Thus whereas 
the very able work of Miller and Rohde in 1897 on the brom¬ 
carmines suggested the probability that carminic acid was derived 
from naphthalene, in the same year Liebermann and Voswinkel from 
a study of its oxidation products preferred then to consider it as 
a derivative either of hydrindene or bishydrindene, although as the 
result of further work in 1904 a naphthacene quinone constitution 
appeared more probable to these authors. Finally, Dimroth (1909), 
who studied the more gentle degradation of carminic acid, although 
at first inclined to regard this colouring matter as a naphthalene 
compound, has, after a scries of brilliant investigations (1913), de¬ 
scribed in the sequel, proved that it is derived from anthraquinone 
and that both the kermessic acid of kermes and laccainic add of lac 
dye contain a similar nucleus. 

An interesting, though now unimportant, Indian pigment is the 
Puiri or Indian yellow, a compound deposited from the urine of 
cows fed on the leaves of the mango tree, and which is the source of 
the somewhat feeble dye euxanthone. Euxanthone, though of little 
6 
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interest to the dyer, is historically important in that it was the first 
of the many natural yellow dyestuffs of which the constitution was 
determined. A study of this compound by Baeyer in 1870 indicated 
that it was derived from benzophenone, and, largely as the result of 
his work, Salzmann and Wichelhaus, seven years later, assigned to 
it the constitution of a dihydroxy-diphenylene ketone oxide— 

0 

hoc,h/ )c,h,oh 

x co / 


Diphenylene ketone oxide, subsequently termed xanthone by v. 
Kostanecki, was discovered by Kolbe and Lautermann in i860, 
who prepared it by the interaction of phosphorus oxychloride and 
sodium salicylate, though the method devised by the late Sir W. H. 
Perkin in 1883, which consists in distilling acetic anhydride and 
salicylic acid, is the most convenient. The products of the hydrolysjp 
of euxanthone are resorcin and hydroquinone carboxylic‘acid, and 
by a reversal of this process, that is distilling these substances with 
acetic anhydride, euxanthone was synthesised by Graebe (1889) and 
later by v. Kostanecki and Nessler (1891). 

The commencement of a new era in the investigation of the 
natural yellow colouring matters dates from the patient study by 
Herzigof quercetin (1884), derived from quercitron bark, and fisetin, 
which is present in young fustic. Although the older formula 
GmHmOu, assigned to quercetin by Liebermann and Hamburger in 
1879, was employed in his earlier papers, C u H lt O; was ultimately 
(1891) proved to be correct. It was subsequently pointed out by 
Perkin and Pate (1895) that quercetin, fisetin, and other yellow 
colouring matters yield with acids well-defined salts, the analysis 
of which indicates with some certainty their molecular weight, as in 
the case of quercetin which forms salts of the type C 15 H 1# OrHCl. 
Of these two colouring matters Herzig first in 1891 determined the 
constitution of fisetin; this resulted from a study of the products 
(fisetol diethyl ether and protocatechuic acid diethyl ether) which he 
obtained by the gentle hydrolysis of fisetin tetraethyl ether. The 
fact that fisetol proved to possess the constitution (1) . 



led to the conception that fisetin was in reality the tetrahydroxy 
phenyl pheno y-pyrone (a). Quercetin by analogy was represented 
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as hydroxy fisetin. About the same period (1893) v. Kostanecki sub¬ 
mitted to examination chrysin, Ci S HioO t , a very feeble colouring 
matter, which Piccard, in r864, had isolated from the buds.of the 


common poplar. From the properties of this substance and the fact 
previously observed by Piccard that when hydrolysed it yields aceto¬ 
phenone and phloroglucinol, v. Kostanecki represented it as a dihy¬ 
droxy phenyl pheno y-pyrone. 


off vo 

V A,CH 


cm co/ 


Such a compound on hydrolysis would be expected to give, first, 
trihydroxy benzoyl acetophenone (1)— 

, (1) (OH) s C # HjCO • CHjCOC 8 H s 

• (j) (OH) s . C 6 H s . CO. CH, : coc„h 5 

and then acetophenone, and phloroglucinol carboxylic acid, the 
latter subsequently passing into phloroglucinol. On the other hand, 
the hydrolysis could evidently also take place in another manner 
(a) with formation of phloracetophenone and benzoic acid, and 
indeed phloroglucinol and acetic acid, derived from the former, 
and benzoic acid are also obtained from it in this way. 

An interesting fact observed by v. Kostanecki with chrysin and 
euxanthone, and by Herzig with quercetin, is that when alkylated 
with alkyl iodides in the well-known manner the hydroxyl in the ortho 
position to the carbonyl group is not attacked. Again, the alkylated 
product, though still containing a free hydroxyl group, is insoluble in 
aqueous alkali, but gives by means of alcoholic potash a potassium salt 
which is hydrolysed by water. This behaviour is to a certain extent 
possessed by all hydroxyketones, and is evidence of an hydroxyl in this 
position. Perkin has shown, however, in the case of luteolin, quer- 
cetin, and the analogously constituted colouring matters myricetin and 
quercetagetin, that by employing excess of the reagents fully alkylated 
products can be obtained, and this no doubt will generally prove to 
be the case. , 


v. Kostanecki designated the mother substance of chrysin 
flavone (r), whereas the mother substance of fisetin which contains a 
hydroxyl attached to the y-pyrone nucleus he termed “ flavonol ” (a)— 
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From the period of 1895 onwards, a considerable number of natural 
yellow colouring matters have been examined, many of which have 
been proved to belong to the Savone or flavonol groups, and there 
can be no doubt that of all the natural dyes, these are much the most 
widely distributed in nature. 

In 1898 Emilewicz, v. Kostanecki, and Tambor announced the 
synthesis of chrysin, employing for this purpose a series of reactions 
which represent a reversal of the scheme of hydrolysis outlined above. 
Thus ethyl benzoate condensed with phloracetophenone trimethyl 
ether gives a. 4.6 trimethoxybenzoylacetophenone (i), and this 
by treatment with hydriodic acid is demethylatcd, and passes into 
chrysin— 



Other methods of synthesis were subsequently applied to chrysin 
by v. Kostanecki and his co-workers, and in 1899 flavone itself was 
prepared, followed in 1900 by apigerrin (parsley) and luteolin (weld). 
Somewhat later a method was devised for the artificial preparation of 
flavonols, and in 1904 fisetin, quercetin, and kaempferol were syn¬ 
thesised by v. Kostanecki and his co-workers, morin being similarly 
obtained in 1907. 

The course of the reactions employed may be illustrated as 
follows:— 1 

When o-hydroxyacetophenone is condensed with benzaldehyde 2 
hydroxybenzilidene acetophenone (2 hydroxy chalkone) is obtained— 



This on boiling in alcoholic solution with dilute sulphuric acid 
by absorption and elimination of water is converted into dibydro- 
flavone (flavanone)— 



By the action of amyl nitrite and hydrochloric acid iio-nitroso- 
flavone is produced— 
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and this dilute sulphuric acid converts into the ketone (i), which sub¬ 
sequently passes into the flavonol (x)— 



Interesting is the fact pointed out by Perkin and Hummel in 
1904 that a chalkone and flavanone exist side by side as glucosides, 
and to a small extent in the free condition, in the flowers of the 
Butca frondosa. These compounds which are named Butin and 
•Butein possess the following constitutions:— 

OH 

ohA/°\ch-<^)oh 

\J\ C0 /U 

oh/\oh oh 

\y_CO—CH - CH-<^>OH 

and were synthesised in the form of their trimethyl ethers. Thus 
resacteophenone monomethyl ether, condensed with protocatechuic 
aldehyde dimethyl ether forms butein trimethyl ether, and from this 
the corresponding butin derivative is readily produced by the action 
of dilute alcoholic sulphuric acid. 

A colouring matter known for many years past, and, in fact, among 
those examined by Chevreul, is ellagic acid, which though possessing 
somewhat feeble dyeing properties, gives a very fast shade on a 
chromium mordant. In the form of ellagitannic acid, it appears to 
be present in all plants which yield ordinary gallotannin, and is pro¬ 
duced in considerable amount when certain tannin extracts, such as 
those of divi-divi and myrobalans, are subjected to fermentation. 
Merklein and Wohler assigned to it, in 1845, the formula 
and it is interesting as the first natural yellow colouring matter to 
have been synthetically prepared. This was accomplished by LOwe 
in r868, who obtained it as a product of the interaction of gallic and 
arsenic acids, though since then other and better oxidation processes 
have been devised. Whereas Schiff, as early as 1879, suggested two 
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constitutions for eilagic acid, one of which is now known to be cor¬ 
rect, it was considered by Barth and Goldschmiedt, in the same 
year, that as eilagic acid when distilled with sine-dust yields fluorene, 
it is most probably a fluorenone derivative. Graebe, however, in 
1903 pointed out that diphenyl-methylolid (1) treated in this way 
gives fluorene, and accordingly again proposed the constitution for 
eilagic acid (3) given in Schiff's paper and referred to above. 



\co--—0/ 


That this is correct was established by Perkin and Nierenstein in 
3905, who pointed out that the first product of the hydrolysis of 
eilagic acid is in reality pcntahydroxy-diphenyl-methylolid-*- * 



\CO—0/ 


Though eilagic acid is at present the only known naturally occurring 
member of this group, other hydroxy derivatives of diphenyldimethyl- 
olid can be obtained, by the oxidation of hydroxybenzoic acids other 
than gallic acid, and by the more energetic oxidation of gallic acid 
itself. 

For several years after the time of Chevreul little work of im¬ 
portance was carried out with htematoxylin, the colouring principle 
of the commercially important logwood, though in 1842 Reim pro¬ 
posed for it the formula CisH u O,, which is now known to be correct. 
Brazilin, the very similar colouring principle of brazil-wood, was ex¬ 
amined by Liebermann and Burg in 1876, and the formula C 1# H u Oj 
assigned to it, and the many properties it possesses in common with 
haematoxylin indicated its probable relationship to this latter sub¬ 
stance. This, as the result of the work of W. H. Perkin (junr.) and 
his pupils, has ultimately proved to be the case. It had long been 
known that haematoxylin and brazilin were not the actual colouring 
matters of logwood and brazil-wood, but that to develop this pro¬ 
perty an oxidation (“ ageing ”) process was necessary. Haematoxylin 
thus yields hmmatein, as shown by Reim in 1873, and that brazilin 
behaves in the same way with formation of brazilein was pointed out by 
Liebermann and Burg in 1876. These substances were subsequently, 
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in 1882, isolated in the pure crystalline condition by Hummel and 
A. G. Perkin, and from the fact that they, respectively, possessed 
the formulae C M HuO« and C u H,|O s , their simple relation to haema- 
toxylin and brazilin appeared evident. The study of the constitution 
of these compounds received its first impetus from the work of Schall 
and Dralle in 1888, who, by the more energetic oxidation of an 
alkaline solution of brazilin with air, obtained / 3 -resorcylic acid and 
a substance which Schall in 1894 considered was the pheno y-pyrone 
derivative (dihydroxycbromone)— 


HO 0 


/ 0 \ 

/ X CH 


\co/ COH 


That this supposition was correct was proved by Feuerstein and v. 
Kostanecki in 1899, and this in conjunction with the fact that Herzig, 
in 1898, and Gilbodyand Perkin, almost simultaneously, had obtained 
evidence in this compound of a catechol nucleus, led the former in- 
vestigators to suggest the following as the formula for brazilin :— 


„°fY° 


\CH 

II 


\/\ /COH OH 
CH-CH,-<^)OH 

In 1899 there appeared the first of an elaborate series of papers 
by W. H. Perkin and his pupils on the constitution of hasmatoxylin 
and brazilin, and as a result an important series of acids obtained 
from both brazilin trimethyl ether and haematoxylin tetramethyl ether 
by oxidation were described. The constitutions of these acids was 
determined by synthesis, and these results in the face of alternative 
suggestions by v. Kostanecki and Lampe (1902) and Herzig and 
Poliak in 1906, resulted in 1908 in the formuke of Perkin and 
Robinson for both brazilin (r) and hematoxylin (2) which are now 
accepted as correct— 


(-) 


z 0 \ 

X X CH S 

I 

o 

OH OH 
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Of interest is the Namahxyton africanum more recently discovered 
in Africa by Pearson, which differs from the Hcmatoxylon camftach- 
ianum (logwood) in that in place of the hsematoxylin present in the 
latter wood, it contains a small amount of a red colouring matter, 
which judging by its properties, is brazilin itself (A, G. Perkin, private 
communication). 

. Though more allied to the tannins, and, indeed, itself largely em¬ 
ployed in the tanning of leather, catechu is of considerable service 
for dyeing purposes, due to an alteration during these processes in 
the catechin it contains. Catechin was first isolated in 1832 by Nees 
van Esenbeck, but its true formula, C ls H u O t , was only correctly 
ascertained in 1902 by v. Kostanecki and Tambor, and Perkin and 
Yoshitake simultaneously. At the same time the latter authors ob¬ 
served that the catechins of Gambier catechu, and Acacia catechu, 
though isomeric are distinct substances, that present in the lattv 
being now termed aca-catechin. Whereas Perkin suggested that 
these catechins were probably reduction products of quercetin, which 
is always associated with them in the plant, v. Kostanecki and his 
co-workers produced evidence of a cumaran nucleus in catechin and 
considered the following expression to be more correct:— 



A synthesis catechin compound has not yet been effected, and 
further work appears necessary to confirm the above formula; more¬ 
over, an explanation is still required of the nature of the interesting 
change by which catechin so readily yields catechutannic acid, the 
true tanning principle. 

As already indicated, the natural substantive dyestuffs comprise 
but a small group, and have always been of somewhat minor im¬ 
portance, owing to the fact that the shades they yield are either 
extremely fugitive, or less permanent than those obtainable by 
other methods. Among these are to be found safflower, annatto, 
barberry, turmeric, and the insoluble red woods, sanders-wood, bar- 
wood, camwood, and caliatur-wood, and it is of interest to note that 
these latter and also turmeric possess in addition to their substantive 
character the property of dyeing with mordants. 

Of the members of this class the main interest has hitherto 
centred round turmeric, whose colouring matter, curcumin, was 
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first isolated by Vogel in 1842. Though obtained crystalline by 
Daube in 1870 it was not until 1897 that Ciamician and Silber 
ascertained that its molecular weight is represented by C m H m O, 
rather than by the older expression C u H M 0 4 . The problem of its 
constitution was more recently attacked (1910) by Melobedzka, v. 
Kostanecki, and Lampe, and there is now little doubt that this colour- 
ing matter is an unsaturated /3-diketone of the following formula:— 


OCHj 



OCH s 


Safflower, at one time highly esteemed as the source of a very 
Hbautiful .though expensive and fugitive shade of red, whilst still 
employed in the East, is extinct as a commercial dyestuff in this 
country. It contains both a red and yellow colouring matter; the 
latter of little interest, though both have been detected as the cause 
of the red and yellow dye of certain Egyptian mummy cloths. 
Carthamine, the red colouring matter first isolated by Schlieper in 
1846, received little attention until 1910, when Kametaka and Perkin 
succeeded in obtaining it in a crystalline condition, Though pos¬ 
sessing a more complex formula than curcumin, a certain resemblance 
exists between these colouring matters, as regards the simple nature 
of their decomposition products, and there is reason to suppose that 
they may be structurally related. Definite evidence, however, of the 
constitution of this latter, of the bixin of annatto still employed in 
this country for colouring foodstuffs, and of the santalin of sanders- 
wood is still lacking, although the recent work of Cain and Simonsen 
(1912) has added considerably to our knowledge of this latter com¬ 
pound. 

An elucidation of the true nature of the chemistry of the natural 
indigo process, long overdue, has been rendered clear by the re¬ 
searches of Hoogewerff and ter Meulen. Though Schunck in 
1858, as is well known, by his work on woad and the Polygonum 
linctorium, established in this connection points of considerable 
importance, his indican, though rich in colouring principle, was 
amorphous, and of an unstable nature. On the other band, 
there is evidence that the colouring principle of woad which he 
describes is distinct from that present in the iniigofem and the 
Polygonum linctorium , and, owing to its instability, has hitherto 
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baffled all attempts to isolate it in a pure condition. It has now 
been ascertained that pure indican derived from the indigofint, and 
which is in reality a glucoside of indoxyl, crystallises readily, and is 
quite stable in ordinary circumstances, though by the action of 
dilute acids and of a special ferment present in the plant, it is 
readily hydrolysed with formation of glucose and indoxyl. By means 
of a. very simple method devised by Perkin and Bloxam in 1907 very 
large quantities of indican can be readily isolated, and its use has 
permitted the study in considerable detail of this interesting glucoside. 

Closely connected with indigo, as is now proved to be the case, 
is the so-called purple of the ancients, also known as Tyrian purple, 
for many ages probably the dye most esteemed above all others. 
The colouring matter exists in the reduced condition, in very small 
amount in certain molluscs, as a yellowish-green fluid or solution, 
which on exposure to air rapidly develops a purple colour. The. 
process by which it was applied to fabrics by the ancients is u/tknown, 
but it probably consisted in breaking up the molluscs under water 
and employing the supernatant liquid fot dyeing. According to 
Crookes (“Calico Printing,’’ n) molluscs of this character were em¬ 
ployed for dyeing purposes in Bristol about 1663. The subject 
appears to have been first chemically investigated by Bizio in 1833, 
and the result of this and of later investigations pointed to a con¬ 
siderable resemblance between this colouring matter and indigotin. 
Schunck in 1879 described in detail the properties of this substance 
of which from 400 molluscs he obtained 7 milligrams and was suc¬ 
cessful in obtaining it in a crystalline condition by sublimation. 

To those who have examined these animals, the difficulty and 
unpleasantness involved in obtaining a sufficient amount of the 
colouring matter for investigation appeared almost unsurmountable, 
but these were overcome with consummate skill by Friedlander in 
1906. As the result of this work, which is described in detail in 
the following pages, Friedlander ascertained that this colouring matter 
contains bromine and is in reality a dibromindigotin of the constitu¬ 
tion— 

Br/\/ NH \ / NH \/\Br 

^\co/ C " C \x>A/ 

Of special interest in recent years has been the results of the 
investigations of Wilistatter with Everest (1913) and others on the 
nature of the red and blue colouring matters of flowers and of fruits 
which are termed anthocyanins. Though in the past certain berries 
IS 
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containing this class of substances have been employed to a slight 
extent for dyeing with mordanted fabrics, and it has been known 
that red and blue flowers give in the same way bluish or more 
generally greenish shades on aluminium mordant, these colours are 
fugitive and the subject has hitherto possessed more interest for the 
biochemist than for the dyer. Beyond the determination of the 
general properties of these colouring matters, and the fact that 
whereas blue flowers contain them in a neutral, and red flowers in an 
acid condition, no evidence of importance as to their structure had 
been forthcoming until the work of Willstatter and Everest on the 
blue colouring matter of the corn-flower appeared. As a result of 
this and later investigations, it is now known that these anthocyanins 
are always present in the plant as glucosides, and that from these 
by hydrolysis with acid the free colouring matter termed an antho- 
,cyanidin may be isolated in the form of its oxonium salt. Both 
classes Sf compounds are crystalline and are not so unstable as their 
behaviour in the coloured petal would lead one to expect. These 
compounds are in reality derivatives of benzopyranol and thus are 
closely connected with the flavones, or flavone glucosides, of which 
they may be regarded as reduction products. This relationship will 
be evident on comparing the formula of Pelargonidin (from the 
Pelargonium zona/e) as hydrochloride (t) 3.5.7 trihydroxy a 
/-hydroxy phenyl 1 , 4 benzopyranol anhydro hydrochloride with the 
flavonol kaempferol ( Delphinium consolidd) (a). 

Cl 

w "fy'YO 0 " 

kV”" 

- (.> »fY° x !rO 0H 

Wm/ C0 " 

A detailed description of these interesting compounds will be 
found in a later chapter. 

The tannins, at one time employed to a considerable extent in 
the production of a black or grey colour on fabrics, by means of iron 
salts, and which even now take part in the black dyeing of silk, are 
distinct from and, indeed, are not usually classified among dyestuffs, 
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This arises from the fact that, except in the case of the iron mordant, 
they do not, as a rule, dye fabrics which have been mordanted with 
the other metallic compounds used in practice, though, on the other 
hand, gallotannin is remarkable in that with titanium mordant it 
produces a bright yellow colour. Whatever view may be taken 
on this point, tannins are so largely employed as assistants in the 
dyeing operation, as for instance in the fixation of basic colours on 
cotton, and appear generally to bear some relationship to the yellow 
colouring matters with which they are usually associated in the plant, 
that their description naturally falls within the scope of a work of this 
character. Perkin, indeed, has pointed out that, in those cases which 
have been investigated, the tannin or tannin principle, or should 
there be two, one of these and the yellow colouring matter of the 
plant, contain either identical phenolic nuclei or at least one phenolic 
nucleus in common. Thus gallotannin appears to invari^ly ac-» 
company myricetin (pyrogallol nucleus) and a catechol tannin, 
quercetin (catechol nucleus), whereas catechin and quercetin and 
cynanomaclurin and morin respectively occurring together contain 
identical phenolic nuclei. 

Though the tannins are very widely distributed in nature, and by 
their general reactions can be grouped into three main classes, our 
knowledge of these compounds is slight, except as regards gallotannin. 
La we in 1867 and Schiff in 1871 claimed to have synthesised this 
compound, and the latter chemist proposed for it the digallic acid 
structure which was generally accepted for many years. It is now 
known as the result of the work of Walden (1899) and others, that 
SchifFs synthetical product, whatever it may have been, is quite 
distinct from the natural tannin. Among the various suggestions 
subsequently made as to the constitution of gallotannin, that of 
Nierenstein, who considered it to consist of a mixture of digallic 
and leucodigallic acids (1907), appeared most plausible, and indeed 
in 1910 this author described the preparation of digallic and ip 191a 
that of leucodigallic acid from gallotannin. In 1912 again Nieren¬ 
stein came to the conclusion that gallotannin is more complex than 
he had previously supposed, and that it may consist of a polydigalloyl 
leuco digalloyl anhydride. Fischer and Freudenberg, however, in 
191 a took an entirely different view of the constitution of tannin, 
and proved that the pure substance when hydrolysed with acid, always 
gives in addition to gallic acid a small amount of glucose. As a 
result they consider gallotannin to be a compound of dextrose with 
five molecules of M-digalUc acid of the nature of a pentacetyl deriva¬ 
tive, which will not only account for its very high molecular weight 

>7 


1 



THE NATURAL ORGANIC COLOURING 


TERS 


but also for its optical activity. These chemists were successful in 
synthesising both p and wi-digallic acids of which the latter is con¬ 
cerned in the structure of tannin— 


(OH) 3 C„H 4 CO- 


COOH 

OH OH 


-“-o 


and among the many interesting proofs given in their elaborate work 
on this subject for their suggested constitution of gallotannin is their 
synthesis of penta-penta-methyl digalloyl glucose. This though dif¬ 
fering slightly in optical activity from the penta-methyl gallotannin 
of Herzig (1905) very closely resembles it, and there can be little 
doubt the difference observed is due to the fact that both products 
• contaiqpd a mixture of stereo-isomerides. 

In concluding this brief sketch of the work which has been 
carried out upon the more important natural dyestuffs, it is hardly 
necessary to point out that the subject, even in its main features, is 
far from being exhausted. Not only is this so in respect of the 
dyes already enumerated, and with those of unknown constitution 
which are described later on, but in addition there exist without 
doubt, more especially in certain flowers, numerous natural colouring 
matters, evidently members of new chemical groups, which yet remain 
to be isolated. From a study of these no direct technical advantage 
can be anticipated, but on the other hand an elucidation of their 
nature will not only assist the biochemist in the problems he has to 
face, but will add materially to our present knowledge of the effect 
of constitution on colour. 

In the succeeding chapters the natural dyestuffs are grouped 
according to the constitution, where known, of their main tinctorial 
constituents, and where members of two widely distinct groups, as 
for instance, those derived from flavone and anthraquinone, exist side 
by side in the same plant, the description of the plant will be found 
under that heading which from its present or past uses appears the 
more suitable. 

The present known chemical groups to which the natural dyestuffs 
belong arc given below, in the order in which the subject is treated 
in this volume 
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Naphthoquinone 
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Dicinnamoylmethane -CO—CH; CH. C#H 8 

CH,< 

N 'CO—CH : CH. CjHj 


Diphenyldimethyl- 
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Tannins 

Cumarane 
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Lichen acids and colouring matters derived therefrom. 
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APPENDIX. 


LIST OF NATURAL DYESTUFFS. 


A List ok Indian Natural Dyestuffs, compiled from the Pre¬ 
liminary List of Specimens of Products in the Indian Section, 
Imperial Institute, London, tyoo. 


Flam. 

Commercial Name. 

Part Emplojed 

Colour Produced. 

Acacia arabua 

Indian gum-arabic 

Leaves, bark, 

Black to dark 


tree 

and pods 

brown 

ficacia catechu 

Cutch 

Red and brown 

Acacia concinna 

— 

Bark 

Brown 

Acaciafarnesiana . 

Cassie flower 

„ 

Black 

Acacia intsia . 


Bark and leaves 

— 

Acacia leucophlcra . 

— 

Red 

Adhatoda vasica 

— 

Leaves 

Yellow 

Aegle tnarmelos 

B«1 fruit 

Fruit rind 


Albiszia odoratissimu 

— 

Bark 

Brown 

Aleurites molmcana 

Indian walnut 

Hoot 


Alnus nepalcnsis 

Nepal alder 

Bark 

— 

A ndropogon sorgh urn 

Chinese sugar cane 

Seeds 

Red 

Anogeissus latijoha 

— 

Leaves 

Black 

Anona reticulata 

Custard apple 

Fruit 

Rid 

Aporosa villosa 

— 

Bark 

Areca catechu . 

Betel-nut palm 

Nut 

— 

Artocarpus integnfolia . 

Jack fruit tree 

Wood 

Yellow 

Artocarpus lakoocha 

— 

Roots 

Green 

Baccaurea sapida . 

— 

Leaves and bark 

Bassia latifolia 

Butter tree 

Bark 

— 

Bauhinia variegata . 

— 

„ 

_ 

Berberis ntpalensis . 

Nepal barberry 

Root 

Yellow 

Bixa orellana . 

Annatto 

Seeds 

Orange and 
red 

Yellow 

Butea frondosa 

Bengal kino 

Flowers 

Butea superba . 

*— 

Root * 

Red 

Ccesalpinia sappan . 

Sappan wood 

Wood 

„ 

Careya arborea 

— 

Bark 

— 

Carthamus tinctorius 

Safflower 

Flowers 

Red 

Cassia auriculata . 

Tanner’s cassia 


Yellow 

Cassia fistula . 

— 

Bark 

Red 

Cassia tora 

Foetid cassia 

Seeds 

Blue and red 

Casuarina tquiutifolia . 

— 

Bark 

Brown 

Cedrela toona . 

Indian mahogany 
or Toon 

Leaves, 

Flowers 

Red and yellow 

Ctriops candolleana 

Mangrove 

Bark 

Red and brown 

Chloroxylon swietenia 

Indian satin wood 

” 

Yellow 






THE NATURAL ORGANIC COLOURING MATTERS 


Plant. 

Commercial Naaae. 

Part Employed, 

Colour Produced. 

Coccus cacti . 

Cochineal 

Insect 

Scarlet 

Coccus lacca . 

Lac insect 

— 

Red 

Cordia myxa , 

Sebesten tree 

Leaves 

— 

Coriaria nepalensis . 

— 

Bark 

— 

Crocus sativus 

Saffron 

Flowers 

Yellow 

Curcuma lotiga 

Turmeric 

Root 


Cynometra ramijiora 

— 

„ 

Purple 

Datisca cannabma . 

— 

„ 

Yellow 

Delphinium zalil . 

Asbarg 

Flowers 

u 

Diospyros embryopteris , 


Fruit 

Brown | 

Erythrina indica 

Indian coral tree 

Bark 

Red 

Eugenia jambolana. 
Ftbraurea trotteri , 

Black plum 

Root 

Yellow 

Ficus rcligiosa 

Peepul tree 

Bark and leaves 

Red-brown 

Flemingia congesta , 

Waras 

— 

Yellow 

Galium rotundifolium 

_ 

Roots 

— 

Garcinia pcdunculala 

— 

Fruit 

_ 

Garcinia xanthochymus . 

— 

Bark 

Yellow 

Garuga pinnata 

— 

Leaves 

Red ! 

Geranium nepalensc 

— 

Roots 

„ 

Gossypium herbaceum 

Cotton 

Flowers ' 

Yellow 

Hcrittcra fomes 

— 

Bark 

- i 

Hymenodiclyon excclsum . 

— 

Leaves 

— 1 

Indigofcra tinctoria 

Indigo 

— 

Blue : 

Indigofcra sumatrana . 

„ 

— 


Jasminum humilc . 

Jasmine 

Root 

Yellow j 

Kandclia rheeiHi 

— 

Bark 

Red and brown 

Lagerstroemia parviflora 

— 

„ 

Black ! 

Lawsonia alba 

Henna 

Leaves and root 

Red ! 

Mallotus philippitiensts . 

Kamela 

— 

Orange 

Mangifera mdiia . 

Mango 

Bark 

Yellow 

Melastoma mala bath ric um 

Indian rhododen¬ 
dron 

Fruit 

Purple 

Memccylon cdnlc 

Iron wood 

Leaves and 
flowers 

Yellow ! 

Mcsua ferrea . 


Flowers and 
bark 

— j 

Mimusops clctifii 

— 

Bark 

Brown j 

Mimusops littoralis . 

— 

Root 

„ j 

Morinda angustifolia 

— 

Yellow 

Mortnda citrifolia . 

Indian mulberry 

Root and bark 

Red 

Morinda exserta 

— 

Wood, bark, 
and root 

— 

Morinda tinctoria . 

— 

Bark 

Red 

Morinda umbellata . 

— 

Root 

Yellow 

Moringa ptervgosperma . 

Horse-radish tree 

Wood 

Blue 

Myrica nagi . 

Box myrtle 

— 

Pink 

Nydanthes arbor-tristis . 


Flowers 

Yellow 

Odina wodier . 


Bark 

Golden and 
pale brown 

Oldenlandia umbellata . 

Chay root 

Root 

Red 

Phyllanthus emblica 

Emblic myrobalan 

Bark and fruits 

Black, grey, 
and brown 

Pinus excelsa . 

Indian pine 

Bark 

Yellow to . 
deep orange 

Phtus longifolia 

Long-leaved pine 

„ 

Yellow 










APPENDIX 


Plant. 

1 Commercial Name. 

Part Employed. 

Colour Produced, j 

1 

i Pterocarpus marsupium . 

Indian kino tree 

Bark 

.. 

Red-fawn 

Pterocarpus santalinus . 

Sanderswood 

Wood 

Red 

I Rkisopltora mucronata . 

Mangrove 

Bark 

Chocolate 

1 Rubia cor difolia 

Indian madder 

Hoots 

Scarlet 

| Rubia khasiana 

— 


.. 

Rubia sikkimensis . 

— 


Brown 

| Sarcochlamys pulcherrima 

Asoka tree 

Leavesandtwigs 

Setnecarpus anacardium . 

Marking nut tree 

Fruit and bark 

Black 

Shorea robusta 

Sal tree 

Bark 

Red and black 

Sympiocos racemosa 

Lodh tree 

Twigs, wood, 
and leaves 

Yellow 

Symplocos spicata . 


Leaves 

,, 

T ectona grandis 

Teak tree 

„ 

,, 

Terminalia belerica . 

— 

Fruit 

Yellow-brown 

Tertninalia chebula. 

— 

Bark and fruit 

Brown 

Terminalia tomentosa 

Asna or Saj tree 

Ventilago madraspatana 

~ 

Bark, roots 

Red, purple 
and chocolate 

WoodfordiaJtoribunda , 

— 

Flowers 

Pink to red 

Xylia dolabriformis 

Iron wood tree of 
Pegu and Arracan 

Chips 

— 

YAzyphus jujnba 

indtan jujube 

Leaves 

Red-pink 

.... 



_ - 1 


Natural Dyes or the I'hilmtinks.* 

Annattn. 

Old Fustic. 

Indigo (/. tinctoria , I„, and I. sujjruticosa, Mill. = /. anil, I,.). 
Brazilwood (Casalpinia sappan). 

Mahonia nepalcnsis, D.C, contains berbennc. 

Turmeric. 

Acacia farnesiana, Willd. (Cassie flower) 1 , , , , 

' . employed for perfume. 

Muhelm champaca, L. (champaca) I 

Hibiscus sabdariffa. 

Lawsonia alba (henna). 

Arto-carpus in/egrifo/ia (Jak-wood). 

Kamela. 

Morinda citrifolia, M. umbellata, I,., M. bracteata , Roxb, (Bancudo). 
Pterospermum niveum Vid (red-brown). 

Narrawood {Pterocarpus spp.). 

* Brooks, Philippine Journal of Science, rgro, 439. 
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THE NATURAL ORGANIC COLOURING MATTERS 

British Plants Capable or Dyeing Mordanted Wool, ac¬ 
cording to C. B. Plowright (Journ. Roy. Horticultural Society, 
xxvi., 1901). 


Name. 

Part Employed 

Colour Obtained. 

Anthmis tinctoria .... 


Yellow 

Anthriscus sylvestris 


Greenish-yellow 

Anthyllis vulneraria 

Flowers 

Golden-yellow 

Arctostabhylos uva-ursi . 

Leaves 

Yellow 

Ainu's glutinosa .... 

Catkins 

u 

Berberis vulgaris .... 

Root bark 

„ * 

Betula alba . 

Leaves 


Bidens tripartita .... 

Plant 

Orange 

Caltha palustris .... 

— 

Pale yellow 

Comarum palustre .... 

— 

Red-brown 

Cornus sangninea .... 

Berries 

Dull yellow 

Chrysanthemum scgetum . 

Flowers 

„ 

Calendula officinalis 

,, 

Pale yellow 

Calluna vulgaris .... 

Plant 

Brown-yellow 

Caltha palustris .... 

Flowers 

Yellow 

Carpintts betulus .... 

Bark 

Dull yellow 

Chaerophyllum sylvestre 

— 

Yellow 

Empetrum nigrum .... 

Fruit 

Mauve 

Fraxinus excelsior .... 

Bark 

Dull yellow 

Genista tinctoria .... 

Plant 

Yellow 

Genista anglicu .... 

Flowers 

Red-brown 

Galium verum .... 

Rhizome 

Hamulus lupultts .... 

Young tips 

Yellow 

Hyperu urn per for alum . 

— 

Dull yellow 

! Isatis tinctoria .... 

Plant 

Blue* 

1 

Flowers 

Yellow 

| Iris pseudacorus .... 

Rhizome 

Brown 

yugians regia . 

Fruit 

„* 

Lecanora tar tar ea .... 

■— 

Red-violet * 

Lycopus europceus .... 

Berries 

Green 

Ligustrum vulgarc .... 

M 

»» 

Myrica gale . 

Plant 

Dull yellow 

Nymph tea alba .... 

Rhizome 

Brown 

Origanum vulgarc .... 

— 

Yellow 

Potcntilla tormentilla . 

— 

— 

Phragmites communis . 

Flowers 

Green 

Pyrus mains . 

Inner bark 

Fine yellow 

Pyrtts communis .... 

Leaves 

Yellow 

Poly poms hispidus ,.... 

Fungus 

Yellow-brown 

Polygonum persicaria 
' Polygonum hydropiper . 


Yellow 

Pamelia caperata .... 

Lichens 

Brown * 

Parmtlia saxatilis .... 

,, 

„ 

Parmelia physodes .... 


„ 

Parmelia borreri .... 


»» 

Physcia fiavicans .... 


Pale yellow-brown 

Physcia parietina .... 


Pale brown * 

Prunus spinosa .... 

Fruit 

Drab 

Qhwhs ro&tir. 

Bark 

Pale red-brown 










Without mordant. 
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Name. 

! Part Employed. 

Colour Obtained. 

Reseda Uiteola .... 

Plant 

Yellow 

Rhamnus catharticus 

Berries 

M 

Rhamnus frangula . 

Bark 

Orange-brown # 

Rubus fruticosus . 

. Fruit 

Slaty-blue 

Rumex acetosa , . 

Roots 

Pale yellow 

Rumex crispus 

. ,, 

,, 

j Rumex obtusifolius . 

• »* 

Red-brown 

j Spircea ulmaria 

. Rhizome 

1 Stachys sylvatica . 

. ' ~ 

Dull yellow 

j Stachys palustris . 

— 

Pale yellow-brown 

j Scabiosa succisa 

. — 

Dull yellow 

; Sambucus nigra 

. Berries 

Violet 

j Senecio jacobcea 

. Plant 

Good yellow 

j Serratula tinctona . 

. — 

Yellow 

j Salix cinerea . 

. Leaves 

Pale yellow-brown 

Salix triandra 

• M 

Yellow 

Thalictrum flavum . 

. 

Poor yellow 

Trifolium pralensis. 

. Flowers 

Pale yellow 

Tanacettm vulgare . 

— 

Yellow 

Tormentilla officinalis 

Rhizome 

— 

|, Ulex europaus 

Flowers 

Straw-yellow 

Urceolariascruposa 

Lichen 

Orchil colour * 

| Umbilicaria polyphylla . 

• ■ »» 

„ 

Xanthium strnmarium . 

Plant 

Yellow 

* Without mordant. 



Leaves and Flowers or Wild and Cultivated British Plants 
Capable of Dyeing Aluminium Mordanted Cotton, ac¬ 
cording lo Unpublished Experiments by the late Professor 
J. J. Hummel, 

Wild. 


Plant. 

Firmer. 

Leaf. Colour Obtained 

Acer campestre .... 


L. Dull yellow 

Acer pseudo-platanus . 

Achillea ptarmica 

F. 

” 

Alliaria officinalis . 

,, 

— Pale yellow 

Alnus glutinosus 


L. Brown-yellow 

Anthyllis vulneraria . 

F. 

— Bright yellow 

Arum maculatum 

— 

L. „ „ 

Beilis perennis .... 

F. 

~ n » 

Calluna vulgaris 

Young shoots 

— Orange-yellow 

Caltha palustris 

F. 

_ Yellow 

Campanula rotundifolia . 

,, 

— Pea green 

Caret dioica .... 

— 

— Orange-brown 

Caucalis anthriscus . 

F. 

L. Yellow 

! Centaurea nigra 

,, 

Pale yellow 

j Centaurea cyanus 

1 


L. Dull yellow 
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Plant. 

Flower. 

Leaf. 

Colow Obtained. 

ChcerophyIlium sylvestre . 

F. 

_ 

Bright yellow 

Cheiratithus cheiri 


— 

Green-yellow 

Chrysanthemum segetum . 

— 

L. 

Orange-yellow 

Colchicum autumnalc 

F. 

— 

Bright yellow 

Corylus avellana 


__ 

Dull brown-yellow 

Cratagus oxyacanlha 

,, 

— 

Dull yellow 

1 Daucus carota .... 

M 

— 

Pale dull yellow 

i Digitalis purpurea . 

,, 

— 

Yellow 

j Draba verna .... 

— 

— 

Pale dull yellow 

j Epilobium tetragonum 

F. 

L. 

Yellow 

| Erica cinerea .... 

( 

— 

Pale dull yellow 

: Erica tetralix .... 

— 

L. 

Dull yellow 

Euphorbia helioscopia 

F. 

,, 

Yellow 

Euphorbia peplus 

,, 

,, 

Bright yellow 

Fagus sylvatica 

— 

,, 

Dull purple 

Fragaria vesca .... 

— 

,, 

Yellow 

Geranium sylfaticum 

F. 


Dull yellow 

Geranium pratense . 

,, 

„ 

» H 

Geranium lucidim . 

— 

,, 

Brown-yellow 

Hellcborus viridis 

F. 

,, 

Pale yellow 

Heracleum sphondylium . 

,, 

— 

Bright yellow 

Hnmulus lupulus 


_ 

Pale brown-pink ' 

Hydro-cotyle vulgaris 


L. 

Yellow j 

Iris pseudacorus 

F. 

— 

Pale yellow 

Lapsana communis . 

— 

L. 

Pale brown-yellow j 

Lathyrus pratensis . 

F. 

„ 

Yellow , 

Leontodon autumnalis 

,, 

— 

Pale yellow , 

Loniccra periclymenum 

,, 

— 

Pale dull yellow 

Lotus corniculatus . 


L. 

Orange-yellow j 

Mentha aquatic a 


— 

Dull yellow | 

Mcrcurialts perennis . 

,, 

L. 

Pale dull yellow 1 

Myosotis palnstris . 

,, 

„ 

Pale brown 

Narcissus pscudonarassus. 

„ 

— 

Pale bright yellow 

Narthecium ossifragum 

,, 

— 

Pale yellow i 

Parnassia palustris . 

,, 

— 

Dull yellow | 

Pimpinella saxifraga 

„ 

~ 

»* !» 

Plantago major 

— 

L. 

„ „ 

Polygonum avicitlarc 

Plant 

— 

Pale brown-yellow 

Polygonum per sic aria 

F. 

— 

Dull brown-yellow 

Populus alba .... 

— 

L. 

Bright yellow 

PotentillatormentUla 

Plant 

— 

Dull yellow 

Potcntilla anserina . 

F. 

L. 

Yellow 

Primula veris .... 

F., red 

__ 

Primula veris .... 

F., yellow 

— 

Dull brown-yellow 

Primus padus . ' . 

__ 

L. 

Brown-yellow 

Ouercus robtir .... 

— 

„ 

Dull yellow 

Ranunculus acris 

F. 

— 

Dull green-yellow 

Ribes grossularia 

Bark and root 

_ 

Dull brick-red 

Rubus fruticosus 

F. 

— 

Dull yellow 

Rubusfruticosus 

Fruit 

— 

Violet 

Rumex sanguineus . 


I- 

Dull yellow 

Sagina procumbens . 

Plant 


Pale yellow 

Sam6MC«s nigra 

F. 

L. 

Pale dull yellow 

Sambucus nigra 

Fruit 

— 

Red-violet 

Sarcothamnus scoparius . 

F. 

— 

Dull yellow 

Saxifraga tridactylites 

Plant 

— 

.. .. 


636 






APPENDIX 



j Saxifraga timbrosa . 

| Senccio jacobaa 
| Taraxacum dens looms 
| Teucrium scorodma . 
j Thymus serpyHum . 
Trifolium pratense . 
Trifolium ropens 
Ulex eurobceus . 
Veronica oeccabunga . 
Viburnum opulus 
Viola canina . 

Viola tricolor . 


Mower. Leif. 


l‘\ - 

„ L. 

- L. 

Plant —- 

F. L, 

F. - 

Plant j — 
F. L. 


Colour Obtained. 


Brown-yellow ) 
Yellow 
Pale yellow 
Yellow | 
Dull brown-yellow • 
Yellow 

1 

Orange-yellow | 
Dull yellow j 
Pale dull yellow i 
Brown-yellow i 
Pale yellow j 


Cultivated. 


Plant 

1 Mower. 

Leaf 

Colour Obtained 

Aster amdlus var. bessarasicus . 

> F. 

_ 

Dull yellow 

Aster nova angule rose us 

! (| 


Msc ulus hippocastanum 

_ 

L. 

Yellow-olive 

Antirrhinum (plum coloured petals) 

i f. 

— 

Bocconia cor data (white) 

; 

— 

Pale dull yellow 

Bright orange 

Centaurea cyattus .... 

„ 


Coreopsis grandifiora . 

Yellow petals 


Dahlia (huntsman) 

Orange „ 

— 

Orange-yellow 

Dahlia LMaid of Kent) . 

Red „ 

— 

Dull orange-yellow 

j Dahlia nelichrysum 

F. 

— 

Olive-yellow 

j Dahlia (white button) . 

Dark pufple 
petals 

F. 

— 

Yellow 

! Dahlia (Sidney Hollings) . 


Dull blue-green | 

j Doronicum austriacum . 

L. 

Pale dull yellow ' 

Erigeron speciosus ... 

Yellow florets 


Yellow 

Euphorbia jacquinifiora 

F. 


Dull blue-pink 

Porsythia pendula 

Fuchsia alexandrina . 


— 

Yellow 

F., white 
petals 

Red sepals 

- 

.. 

Fuchsia alexandrina . 

_ 

Brown-pink 

Fuchsia (crimson bedder) 

„ petals 

— 

Yellowish-green 1 

Fuchsia globosa .... 

Red-purple 

petals 

— 

Pale olive j 

Fuchsia oxoniensis 

- 

Pale yellow 

Genista pro strata .... 

— 

1.. 

Yellow 

Helianthus rigidus 

F. 

- 

Pale brown-yellow 

Helenium autumnale . 



Yellow 

Hollyhock . 

— 


— 

Juniperus sabina .... 

— 

L. 

Dull yellow 

Lilium speciosum kratzeri . 

Anthers 

— 

Pale dull yellow 

Nicotiana affinis .... 

F. 


Very pale „ j 

Phlox drummondi .... 

,, 


Blight yellow 

Polygonum brunonis 

M 


Dull brown-violet 

Prunus pisardi .... 

— 

L. 

Dull brown olive | 

Potentilla argyrophylla 

F. 

- ' 
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Plant. 

Flower. 

Leaf. Colour Obtained. 

1 

Salvia pratensis var. baumgarteni 

F. 

1 

— ! Pale dull violet 

Tagetes patula .... 

„ 

— : Old gold shade 

Tropaolum majui 

— 

L. Yellow 

Vitis vilifera .... 

Purple skin 

—• 1 Purple, somewhat ! 

pale 

— Yellow 

Viola (skylark) .... 

F. 

Viola (Ardwcll gem) . 

„ 

— 1 M 

Viola (Holyrood) .... 


~ Pale green-yellow j 
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CHAPTER I. 


THE ANTHRAQUINONE GROUP. 

Anthraquinone—-Madder—Chgy Root—Species of Galium—Munjeet or Rubia 
cordtfolia — Rubia khasiana —Rubia likkimtnsis—Morinda citrifolia — 
Morinda umbellata—Morinda longijlora—Rhubarb—Rumtx icklonianus 
—Rumex nepalemis — Senna Leaves— Rhamnus frangula —Polygonum 
cuspidatum —Aloes—Goa Powder— Anchusa tinctoria—Onoma tckoidit 
—Ventilago madraspatana~ Cochineal—Lac Dye—Kernies. 

Anthraquinone. 

The most typical methods for the formation of anthraquinone are:— 
(a) The oxidation of anthracene— 


H 0 



H 0 


(i) Treatment of o-benzoyl benzoic acid with sulphuric acid 
(Liebermann, Ber., 1874, 7,805; W. H. Perkin, Chem. Soc. Trans., 
1891, 59, iota)— 

.COOH /CO. 

CjH 4 <^ /CjH 4 =» C.H,. /C 0 H 4 + H s O 

^CO 7 N co 7 

(z) Interaction of phthalylchloride and benzene in the presence 
of aluminium chloride (Friedel and Crafts, Ann. de Chimie, (6), r, 
5 >i)~ 

.CO Cl /CO. 

C,h/ + C«H, - C,H 4 < )C,H 4 + aHCl 

\C 0 Cl 'CO 7 

(d) Distillation of benzoic acid with phosphorus pentoxide 
(Kekuli and Franchimont, Ber., 1872, 5, 908)— 

/ C0 \ 

2C t Hj. COOH - C,H,< )C,H 4 + HiO 

X C0 7 

Of these methods (a) is the only one suitable for the commercial 
preparation of anthraquinone, whereas those of the type of ( t ) and 
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(d) hare been adapted for pure and applied syntheses of numerous 
hydroxyanthraquinones. The hydroxyanthraquinones, like antbra- 
quinone itself, by distillation with zinc-dust are reduced to anthracene, 
and on short digestion with zinc-dust and alkali give unstable alkali 
salts of hydroxy oxanthranols (Graebe and Liebermann, Annalen, 
169, 126)— 

^CH.OH/ 


which in solution readily absorb oxygen from the air with regenera¬ 
tion of the colour of the alkali salt of the unreduced substance. 
These two reactions are typical of hydroxyanthraquinones and are of 
service for their detection in nature. 

By further reduction oxanthranol passes into the dihydroxy 
compound (r), which loses a molecule of water with formation of 
anthranof (2), a compound which also exists in the isomeric form (3). 
Anthranol is best obtained by the action of tin and hydrochloric 
acid on anthraquinone in boiling acetic acid solution (Liebermann 
and Gimbel, Ber., 1887, 20, 1854)— 

/CHOH. /CH X 

(r) C„h/ >C,H 4 (2) C„h/ I )c,H< 

x CH.OH / 'COH' 

CO 

(3) c 6 h/ )c,h 4 
x ch/ 


Natural anthraquinone colouring matters are accompanied in 
many instances by hydroxy a or / 3 -methylanthraquinone derivatives 
which possess little or no tinctorial property. Of these the hydroxy 
/8-methyl anthraquinones appear to be the most prolific. / 3 -methyl 
anthraquinone, melting-point 175—177°, may be prepared by the 
oxidation of / 3 -methyl anthracene, and occurs as a by-product in 
the manufacture of anthraquinone from crude'anthracene (Perkin 
and Cope, Chem. Soc. Trans., 1894, 65, 843)— 


,CHj 


/ C \ 

\cc/ 

For commercial purposes it is, however, more easily prepared 
by the interaction of phthalic anhydride and toluene, in which case 
o-toluylbenzoic (1) acid is probably an intermediate product— 

r COOH_0 C „, 
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(BBcherer, Lehrbuch der Farbenchemie, 1914, 311). By distillation 
with zinc-dust it yields / 3 -methylanthracene, melting-point 207”, and 
by oxidation with chromic acid /3-anthraquinone carboxylic acid- 



melting-point 290—292”. a-Methylanthraquinone, a much less well- 
known substance, is obtained by the oxidation of a-methylanthracene 
and melts at 166—167° (Birukow, Ber., 1887,20,2070). The corre¬ 
sponding anthraquinone a-carboxylic acid melts at 293—294° (Blum- 
enfeld, Ber., 1897, 30, 1115), whereas n-methyl anthracene itself ac¬ 
cording to Birukow melts at 199—200°. Hydroxy-methyl-anthranols 
frequently occur in nature, usually side by side with methyl hydroxy- 
anthraquinones. They are devoid of tinctorial property, and on 
gentle oxidation, preferably in acetic acid solution with chromic aci<£ 
are converted into the corresponding methylanthraquinone com¬ 
pounds. 

Madder. 

Madder is the ground root of the Rubia tinctorium (Linn.) which 
has been cultivated for dyeing purposes from a remote antiquity, 
so remote indeed that one is unable to say with certainty in which 
countries it originated. It is known to have been employed by the 
ancient Egyptians, Persians, aird Indians, probably by the last in Ihe 
first instance, and more recently by the ancient Greeks and Romans. 
About the time of the Crusades the cultivation of madder was intro¬ 
duced into Italy and probably also into France. The Moors culti¬ 
vated it in Spain, and during the sixteenth century it was brought to 
Holland. Colbert introduced it into Avignon in r666, Frantzen into 
Alsace in 1729, but only towards t76o—t79o did it become important. 
During the wars of the Republic, its cultivation was largely abandoned, 
and only after 1825 did this again become regular. 

Owing to the beauty and fastness of the tints it yields, and the 
range in colour that can be produced from it by a variation in the 
mordant, it was considered until recently as perhaps the most im¬ 
portant of all dyestuffs. Although its commercial value has been 
greatly reduced through the introduction of artificial alizarin, it has 
still considerable scientific intere*. 

The plant is an herbaceous perennial belonging to the natural 
family of the Rubiaaa , and its valuable portion is entirely the root, 
which is usually of considerable length but does not exceed an 

n 
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ordinary slate pencil in thickness. Old roots are richer in colour 
than young ones, and the plant is consequently left in the soil for 
at least‘eighteen and sometimes for twenty-eight months. When 
removed it is usually washed with water, allowed to dry in the sun or 
artificially by means of kilns, then finely ground and packed in casks. 
In certain districts it was stored in pits for several months before 
grinding, whereby its tinctorial power was said to be greatly enhanced; 
but these and other refinements of its preparation are now of so little 
importance as to be hardly worthy of mention. The root in many 
countries bears the name “alizari” or “lizari," whence we have the 
name "alizarin". Madder was principally cultivated in Holland, 
France, and Turkey, and to a less extent in Belgium, Italy, and 
Germany, and North and South America, but the small quantity 
which enters this country is principally obtained from Holland. 
Jerhaps no substance was submitted to so much examination by the 
older chrSnists as madder, and in many of the .earlier works on dyeing 
much space is occupied by a description of these researches. 

The isolation of the most important colouring matters of madder, 
alizarin, and purpurin, occurred as far back as r8z6 and 1828, and 
was due to the chemists Robiquet and Colin; but it is doubtful 
whether they were successful in obtaining these substances in a 
state of chemical purity. By many of the earlier workers it was 
considered that these colouring matters did not exist as such in 
madder, but were present in combination with sugar or some other 
substance. About 1823 Kuhlmann extracted a bitter-sweet yellow 
amorphous compound from the root and named it xanthin, and 
a similar yellow substance was also isolated by Runge and Watt. 
Jn 1848 Higgin observed that if a cold aqueous solution of madder, 
which has a deep yellow colour and an intensely bitter taste, was 
allowed to stand for some time or was heated to 50°, it lost these 
characteristics, and a gelatinous fiocculent precipitate was formed 
in which all the tinctorial power of the original infusion resided. 
Higgin considered, therefore, that the xanthin of madder must, dur¬ 
ing this process, have been converted into alizarin, and that the 
change was probably brought about by the action of some ferment 
contained in the madder, and extracted along with the xanthin by 
cold water. Somewhat latter (1851) Schunck isolated from madder' 
a substance which he called rubian, as a dark, brownish-yellow-, 
transparent, amorphous hard mass, which by hydrolysis with acids 
or by the action of the special madder ferment, which he termed 
“ eiythiosym," was converted into glucose, alizarin, and other eub> 
Stances. 


>4 
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The next important step was due to Rochleder, who prepared 
the alizarin glucoside in a crystalline condition and named it 
ruberythric acid. It appeared to possess the formula C M H n O u , 
and its hydrolysis could be represented according to the following 
equation:— 

CwblsjOn m HtO + Ci,H a 0 4 + C,H, 0 , 

Alizarin. Sugar. 

Subsequently, Schunck prepared a crystalline compound, rubianic 
acid, which he regarded as an oxidation product of rubian, and 
which proved to be identical with the ruberythric acid of Roch¬ 
leder. 

Finally, this portion of the subject was exhaustively examined 
by Liebermann and Bergami, who assigned the formula CjjHjgOu 
to ruberythric acid, and proved that its hydrolysis with acid proceeds 
as follows:— • 

CjjHjjOh + 2 H,0 = + 2C t HijOd 

For the preparation of the glucoside, madder (i kilo.) is extracted 
with boiling absolute alcohol (8—9 litres) for two to four hours, and the 
mixture filtered hot. The alcoholic extract is evaporated to about 
one-quarter its bulk, and on cooling a yellowish-brown crystalline 
precipitate of the impure glucoside separates. After filtering and 
evaporating the filtrate still further, crystals of cane sugar separate, 
and by adding water to the remaining alcoholic solution impure 
alizarin is precipitated. In this way, according to Liebermann and 
Betgami, 1 kilo, of madder gave 

Impure glucoside . . 50—60 grams ( 5—6 per cent.) 

. .. sugar. . . 15—30 ,, (1-5—3 .. ) 

„ colouring matter. 30—40 „ ( 3—4 „ ) 

The impure glucoside, which becomes resinous on drying, is 
dissolved in water, the solution is precipitated with lead acetate, 
filtered, and the filtrate treated with basic lead acetate. The pink 
coloured precipitate is well washed, suspended in water, decomposed 
with sulphuretted hydrogen, and the lead sulphide, which contains 
also the liberated ruberythric acid, is collected and washed with cold 
water. The ruberythric acid is removed from the lead sulphide by 
means of boiling alcohol, the yellow extract is partially evaporated, 
water and some quantity of barium hydroxide solution are added, 
and, after filtering off a white precipitate, an excess of barium 
hydroxide is added to the filtrate. The dark cherry-red precipitate 
sf barium ruberythrate is dissolved in acetic acid, the solution is 

filtered, barely neutralised with ammonia, and then treated with 
A 
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basic lead acetate. The resulting red precipitate is washed with 
alcohol, suspended in alcohol," and decomposed by hydrogen sul¬ 
phide, and the liquid and precipitate together are heated to boiling 
and filtered hot. On cooling, the amber-coloured solution yields 
pale yellow needles of ruberythric acid which are recrystallised from 
hot water. The latter portion of this process, employed by Lieber- 
mann and Bergami, is due to Rochleder. 

Ruberythric acid crystallises in silky needles of a pure yellow 
colour, melts at 258—260°, and when strongly heated yields a 
sublimate of alizarin. It dissolves in caustic alkali solutions with 
a cherry-red colour, which on boiling changes to violet, and on 
acidification yields a precipitate of alizarin. With potassium car¬ 
bonate solutions, dark red needles of potassium ruberythrate are 
produced. Ruberythric acid is not precipitated with lead acetate, 
£ut basic lead acetate gives a red flocculent precipitate. It pos¬ 
sesses n6 dyeing power. 

By the action of sodium acetate and acetic anhydride, Liebermann 
and Bergami obtained an octoacityl derivative CjjHroO^CjHsOjls, 
which crystallises in yellow needles, melting at 230°. 

Schunck and Marchlewski, by means of the method of Schotten 
and Baumann, obtained a hexabenzoyl and a keptabenzoyl com¬ 
pound. The fact that ruberythric acid gives an octoacetyl derivative 
renders two constitutions possible for this substance, viz,:— 


fil C ho/®' Cn^OfOH), 
U) t 14 H fl U a \ 0 #CflH70 ( 0H ) 4 

(2) C H O ' C I2 H 14 0 3 ( 0 H) 7 


and of these the second is more probably correct, as an explanation 
is thus afforded of the well-characterised red-coloured salt's which 
can be obtained from it. 

Erythrozym, the madder enzyme, was obtained by Schunck by 
extracting madder with water at a low temperature (38") and pre¬ 
cipitating the solution with alcohol. When dried, it consisted of a 
brown amorphous mass. Under its influence, ruberythric acid is 
hydrolysed with formation of alizarin and glucose. This reaction no 
doubt takes place in the incompletely dried root on storing, and it 
is evidently due to this fact that madder was said to dye more readily 
after this treatment. In dyeing with madder, moreover, the presence 
of this enzyme will no doubt exercise a beneficial effect, because as 
it is frequently the practice to employ at first a cold dye-bath and 
then to gradually raise the temperature, hydrolysis of the glucoside, 
36 
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which is itself devoid of tinctorial property, will thereby occur with 
formation of the colouring matter. 

Though purpurin is considered to exist in madder in the form of 
glucoside, such a compound has not yet been isolated, and some 
uncertainty exists on this point. During some experiments carried 
out by Perkin, it was found that an alcoho.lic extract of madder, 
on standing in cold weather, deposited a considerable quantity of 
cane sugar contaminated with a red precipitate. This latter was 
soluble in water, and on treating the solution with cold dilute acid, 
gave a precipitate of impure purpurin and appeared to consist of an 
acid calcium salt of this substance. On the other hand, it w^s not 
ascertained whether all varieties of madder behave similarly in this 
respect, and the matter requires further investigation. Presuming, 
however, that a purpurin glucoside is present in madder, it is evident 
that this compound is far less stable than ruberythric acid, and is hydroj 
lysed by dilute acids at a temperature at which the latter is mfeffected. 

Kopp’s Process for the Extraction of Madder. 

Based on this assumption, the commercial process of Kopp was 
devised, and this is specially interesting as it affords a fairly complete 
method for the isolation of the phenolic constituents of this dyestuff. 

Ground madder is extracted with a cold aqueous solution of 
sulphurous acid, and the solution, after addition of a—3 per cent, 
of hydrochloric acid (33 per cent.), is heated to 60°. A red flocculent 
precipitate of purpurin is thus thrown down which was collected, 
washed, dried, and sold under the name of “commercial purpurine” 
or “ Kopp's purpurine ". This product was until recently prepared 
to a very small extent in France for the manufacture of a rose-red 
lake, and for this purpose gives results differing in some respects from 
those produced by the artificial dyestuff. 

Kopp’s purpurine, in fact, is not pure purpurin, but consists 
mainly of a mixture of this colouring matter with three other sub¬ 
stances: ^K*rf»-purpurine, purpuroxanthin, and purpuroxanthin 
carboxylic acid or munjistin. 

Pseudo -purpurin was first isolated from Kopp’s commercial pro¬ 
duct by Schiitzenberger and Schiffert, but.the fact that it consists of 
a purpurin carboxylic acid is due to the investigation of Rosenstiehl. 
It consists of small red prismatic needles, and differs from purpurin 
in that it is more readily soluble in 6enzene. It melts at sr8—aao° 
with evolution of carbon dioxide and formation of purpurin, and this 
decomposition is said to occur gradually at from 180—195°. Purpurin 
is also produced by boiling/znafo-purpurin with dilute caustic alkali, 

»7 
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or by long boiling with water or alcohol. The constitution of pseudo- 
purpurin is represented by the following formula:— 



It may be prepared synthetically (D.R.P. 260765) by dissolving 1. a 
dihydroxyanthraquinone 3 carboxylic acid— 


C ° X | 

Vo/' 


OH 


OH 

COOH 


fh 20 pasts of sulphuric acid and slowly treating the solution at 15— 
ao° with 0'3—o'4 parts of manganese dioxide. In place of the r. 2 
dihydroxy the 1.4.3 dihydroxycarboxylic acid may be employed 
(D.R.P. 272301), in which‘^ase the 2 hydroxyanthradiquinone 
carboxylic acid is the first product of the reaction— 



This by means of sodium hydrogen sulphite solution is reduced to 
/wiwfo-purpurin. 

It is interesting to observe that an isomeric compound which is 
obtained by the oxidation of alizarin carboxylic acid, and for which 
also ihe two formula— 



28 
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are possible, differs markedly from/wNfo-purpurin, and is an exceed¬ 
ingly stable compound (Perkin and Cope). 

Purpuroxanthin or xanthopurpurin, which forms glistening yellow 
needles, melting at 263—363”, ’ s a dihydroxyanthraquinone isomeric 
with alizarin, and was isolated from Kopp’s purpurin by Schiitzen- 
berger and Schiffert. These authors also found that purpuroxanthin 
can.be produced by digesting purpurin with phosphorus iodide and 
water, or by the action on it of a boiling alkaline stannous chloride 
solution". The reverse action occurs, according to Rosenstiehl, when 
an alkaline solution of purpuroxanthin is boiled with excess of air, 
purpurin being thus produced. Purpuroxanthin was synthesised by 
Noah by heating 3:5-dihydroxybenzoic acid with benzoic acid in 
the presence of sulphuric acid, and possesses the following constitu¬ 
tion :— 


OCCT 

OH 


According to Plath, the dimethyl ether melts at 178—180°, and 
the diacetyl derivative (Liebermann) at 183—184”. 

Purpuroxanthin dyes aluminium mordanted fabrics a yellow colour 
(Schiitzenberger and Schiffert). 

Purpuroxanthin carboxylic acid (munjistin) was discovered by 
Schunck and Rfimer in the crude purpurin. It crystallises from 
acetic acid in golden yellow leaflets, melts at 231°, and dissolves in 
alkaline solutions and ammonia with a red coloration. By heating 
above its melting-point or by boiling with alkalis, it is converted into 
purpuroxanthin. It has not been prepared synthetically, but prob¬ 
ably contains its carboxyl group in a similar position to that present 
in /)r«*&-purpurin. It is said to dye aluminium mordanted fabrics 
an orange-red colour, which is, however, not fast to the action either 
of soap or light. 

Gxien Alizarin.— The sulphurous acid liquid from which the 
purpurin precipitate has been removed is boiled for two hours, when 
die ruberythric acid and certain other glucosides present are hydro¬ 
lysed and a deep green precipitate separates. This at one time was 
a commercial article, and was known under the name of “green 
alitarin ". 

' Chlororubin. —The green tinge of this product arises from the 
presence in madder of a considerable quantity of a peculiar substattce, 
a glucoside, termed chlorogenin or nibichloricacid, but little 

»9 



THE NATURAL ORGANIC COLOURING MATTERS 


or nothing is known of its chemical nature. It is also present in 
chay root, morinda root, in certain species of galium and in tbs 
Gardinia grandiflora. This compound, which has been obtained in 
the form of a colourless syrup and to which the formula C u H* 0 | 
has been assigned, on digestion with boiling dilute mineral acid, is 
converted into chlororubin and formic acid. Chlororubin consists of 
a dark green amorphous powder which is insoluble in all the usual 
solvents, but dissolves in alkaline solutions with a blood-red colour. 

Yellow Alizarin.— In order to obtain this product, the dried 
and finely powdered “green alizarin” was extracted at 150° with 
petroleum (toluene or coal-tar solvent naphtha is more suitable for 
laboratory purposes), by which means the alizarin and other phenolic 
constituents pass into solution, whereas the chlororubin remains un¬ 
dissolved. The petroleum extract after cooling is agitated with 10 
•per cenj. caustic soda solution, and the dark violet-coloured alkaline 
liquid thus produced is removed and neutralised with acid. The 
bright yellow precipitate was collected, washed and dried, and sold 
under the name of “ yellow alizarin 

The alizarin prepared in this manner is not completely pure, as it 
contains a small quantity of a mixture of non-tinctorial substances, 
which are derivatives of anthraquinone. To remove these, an 
alkaline solution of the 11 yellow alizarin ” is treated with milk of lime, 
which precipitates the alizarin in the form of its calcium compound. 
This when collected, well washed, and decomposed with acid, gives 
a very pure alizarin which is best crystallised from solvent naphtha. 

If the reddish-brown filtrate from the calcium alizarate is neu¬ 
tralised with acid, a small quantity of a dull yellow precipitate 
separates which is approximately equal to o'oa per cent, of the madder 
employed. A preliminary examination of this product indicated 
that it consisted of at least four yellow crystalline substances, with 
no special properties that would permit of their ready separation. 

Schunck during his examination of madder obtained various 
yellow crystalline and amorphous products by the action of adds 
and alkalis on his rubian. The individuality of most of these sub¬ 
stances, to which the names rubiretin, verantin, rubiadin, rubianin, 
rubiafin, rubiagin, rubiadipin, rubidehydran, rubihydran, and rubiacic 
acid were assigned, has been doubted by later writers, and but one 
oflhese—namely, rubiadin—has been characterised. On the other 
hand, it is quite possible that certain of these may exist in the mixture 
of yellow non-tinctorial substances previously, referred to. For a 
description of his compounds, the original papers of Schunck should 
be referred to. 
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Rubiadin glucoside (Schunck and Marchlewski).—Madder is ex* 
traded with boiling water, the solution precipitated with lead acetate, 
and the filtrate treated with ammonia, by which means a second lead 
precipitate is formed. The latter is decomposed with sulphuric acid, 
the lead sulphate removed, and the clear liquid boiled with addition 
of hydrochloric acid, A dark green precipitate separates, only a 
portion of which dissolves in boiling alcohol. On treating the 
alcoholic extract with lead acetate, the alizarin present can be re¬ 
moved, and addition of baryta water now precipitates the barium 
salt of the rubiadin glucoside, which is decomposed by dilute hydro¬ 
chloric acid. It crystallises from alcohol in citron yellow needles, 
melts at 270° with decomposition, and when hydrolysed by acid 
gives rubiadin and glucose— 

Ci^HjjO, + H,0 => C i 5 H 10 O ( + CflHjjOn 
Pcnta-acetylrubicidin glucoside, yellow needles, melts at aqj 7°. * 

According to Marchlewski, the constitution of this glucoside is 
best expressed as follows:— 


CHjOH 
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Rubiadin, prepared by the hydrolysis of the glucoside, forms 
yellow needles, melting about 290°, soluble in' alkalis with a red 
coloration. By oxidation with chromic acid it gives phthalic acid. 
Rubiadin, according to Schunck and Marchlewski, is a methyl pur- 
puroxanthin and possesses the following constitution:— 



Rubiacin (Runge’s madder orange) is a yellow crystalline sub* 
itance obtained directly from the madder root,and is formed, according 
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to Schunck, by the decomposition of a glucoade. It separates in 
small quantity from an-infusion of madder made with only a little 
cold water, after it ha* become sour by twelve hours’ standing. It 
crystallises in the form of plates and needles, having a strong reddish- 
green lustre. Alkalis dissolve it with a purple colour. 

The following table illustrates the analysis of madder by the 
sulphurous acid extraction method:— 

Madder is extracted with dilute sulphurous acid solution and the 
extract heated to 60°. 


Precipitate consists of Purpurin, Filtrate is digested with boiling 
Pseudo-purpurin, Purpuro- dilute HaSO„ and the resulting 
xanthin carboxylic acid, precipitate of green alizarin ex- 

k Purpqroxanthin. tracted with boiling toluene or 

petroleum. 


Chlororubin remains undis- The toluene extract is agitated with 
solved. caustic soda solution, and the al¬ 

kaline liquid is treated with baryta 
water. 


Precipitate consists of calcium Filtrate on acidification gives a pre- 
alizarate, which when de- cipitate of yellow non-tinctorial • 
composed with acid gives derivatives of anthraquinone, 
alizarin. 


Commercial Preparations of Madder. 

The principal of these were: Garancine, Garanceux, Flowers of 
Madder, Commercial Alizarin or Pincoffin, and Madder extract 
(hnncuu .—The preparation of this product results from the 
observation in r 8a 7 of Robiquet and Colin, that by treating ground 
madder with an equal weight of concentrated sulphuric add, the 
various prindples of the madder were destroyed with the exception 
of (be colouring matter alizarin. We now know further that the 
glufibside of the root is decomposed by the action of the add. This 
first product was termed charbm sulphuriqw, but soon the method 
of its preparation was slightly altered, and it then received the name 
| arancnt. . 

Garancine is made by mixing, in a wooden tank with false 
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bottom, too kilos, ground madder, 1000 litres water, and a kilos, 
sulphuric acid, i68° Tw. (sp. gr. 1-84), stirring up and allowing the 
whole to macerate for about twelve hours. - The liquid is then 
drawn off, the residue mixed with a little water and 30 kilos, strong 
sulphuric acid, and the whole boiled for 2—3 hours. After running 
off the acid liquor, the garancine remaining is washed with water till 
free/rom acid, drained, pressed, dried, and ground. 

The colouring power of garancine is three to four times that of 
good madder, it dyes more readily, giving yellower toned reds and 
pinks, and greyer lilacs. They are not quite so fast to soap as the 
madder colours, but since, in the case of printed calicoes, the un- 
mordanted white parts are not so much soiled in the dye-bath, the 
operation of soaping can be omitted. 

Garanceux or Spent Garancine was introduced in 1843 by 
L. Schwarz of Mulhouse. It was simply a low quality of garancine* 
prepared in the above manner from the spent madder of the dye- 
baths, and made by each calico-printer for himself, by way of 
economy. Its colouring power is about one-fourth that of good 
garancine. 

flowers of Madder was first made in 1851 by Julian and Rogner 
of Sorgues. It can be prepared by macerating ground madder for 
several hours with cold water very slightly acidulated with sulphuric 
acid (1—2 per cent, on the weight of madder), then washing, draining, 
pressing, drying, and grinding. In this manner all soluble, mucila¬ 
ginous, and sugary matter, etc., is removed, decomposition of the 
glucoside by fermentation occurs, and the residue has nearly double 
the colouring power of the original madder. The waste liquors were 
neutralised, allowed to ferment with the addition of yeast, and 
then distilled to gain the alcohol. 100 kilos, madder yielded 45— 60 
kilos, flowers of madder and to litres alcohol, suitable for making 
varnish, etc. 

Commercial Aliiarin or Pincoffin was introduced in 1852 by 
Schunck and Pincoff, who prepared it by submitting ordinary 
'garancine to the action of high pressure and superheated {150° C.) 
steam. By this treatment the verantin and rubiietin present in the 
garancine were said to be destroyed, while the alizarin remained 
intact, and the product yielded in consequence more brilliant 
purples, and less soaping was required to clear the whites or un- 
mordxnted portions of printed calicoes. 

Madder Extracts .—Already in 1826 attempts were made by 
Gaudin to apply mordants along with the colouring matter of 
madder directly to calico, in the fonq of an extract, i.e. as a steam- 
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colour, instead of by dyeing, and in 1837 Gastard lucceeded in doing 
this successfully on a large scale by means of a product named coloring. 
The expense, however, of this and other early madder extracts re¬ 
tarded their application, but their utility having been clearly demon¬ 
strated, the endeavours of numerous chemists were directed to their 
production in a reasonably cheap manner. Madder extracts con¬ 
sisted of variable mixtures of the two colouring matters of madder, 
aliiarin and purpurin, or of each separately, in a more or less pure 
condition. By the introduction of artificial alizarin, just when their 
manufacture had been perfected, they lost all their importance. The 
following were the chief methods of production employed. 

Leitenberger’s process consisted in first extracting all the pur¬ 
purin from ground madder by water heated to 55” C., and after¬ 
wards dissolving out the less soluble alizarin from tft| dried residual 
• madder by means of wood-spirit. The aqueous solution was pre¬ 
cipitated by lime, the washed calcium-purpurin lake was then de¬ 
composed with hydrochloric acid, the liberated purpurin collected 
and washed, when it was ready for use. The alcoholic solution of 
alizarin was merely precipitated by water, collected and washed. 
Alizarin and purpurin extracts were thus obtained. 

Parafs method (1868) consisted in extracting madder with 
superheated water, with or without the addition of a small quantity 
of alum or sulphuric acid, then collecting and washing the fiocculent 
alizarin precipitate which separated out on cooling. 

The modes of preparing Kopp’s " purpurine,” “green alizarine,” 
and 11 yellow alizarine " have already been given. 

Pernod's madder-extract, once largely used, was prepared by 
extracting garancine with boiling water very slightly acidified -with 
sulphuric acid, collecting and washing the precipitate thrown down 
on cooling, and extracting the dried precipitate with boiling alcohol. 
After recovering the major portion of the alcohol by distillation, the 
remaining solution was mixed with water, and the precipitated 
alizarin was collected and washed. 

Use of Madder in Dyeino. 

Previous to 1870 madder and its derivative garancine wete the 
dyestuffs par txcellena of the calico-printer and Turkey-red dyer. 

By the former, it was used because of its characteristic property 
of yielding a variety of colours with the aluminium, tin, and iron 
mordants, viz. red and pink, orange, lilac, and black; also brown or 
chocolate, by employing a mixture of aluminium and iron mordants. 
Further, all these colours are fast to soap-and light. To the calico- 
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printer both the alizarin and the purpurin of the madder were of use, 
though undoubtedly the alizarin would, in most styles of work, he 
the essential colouring matter. The Turkey-red dyer employed 
madder, and afterwards garancine, because they yielded, by his 
peculiar process, the most brilliant and most permanent red on 
cotton which was known. In this case the alizarin was the all- 
important colouring matter, since the purpurin, although fixed on 
the fibre at first, was more or less removed during the operations 
of clearing. Alizarin, in conjunction with aluminium and iron 
mordants, gives a bluish-red and a comparatively bright lilac; 
purpurin, a yellowish-red and a greyish-lilac, respectively. 

The method of applying madder in Turkey-red dyeing was similar 
to that now employed in the case of alizarin. 

•Another interesting feature in connection with the application 
of this dyestuff is that, if the madder was deficient in lim^ it wa# 
necessary to add a certain proportion of chalk to the dye-bath; it 
now appears that calcium is a normal constituent of the madder 
colours, especially those obtained with aluminium and iron mordants. 

Madder has also been used in the past, and is even now employed 
to a small extent, by the indigo ,dyer and the woollen dyer. 

Literature. —Robiquet and Colin, Ann. Chim. Phys., [ii.], 34, 
225; Robiquet, ibid., 63, 311; Annalen, 20, 296; Kuhlmann, J. 
Pharm. Chim., 14, 354; Zenneck, Pogg. Ann., 23, 261; Decaisne, 
J. Pharm. Chim., 24, 424; Gaulthier de Claubry and Persoz, 
Annalen, 2,31; Runge, J. pr. Chem., [i.], 5, 362, 374; Higgin, Phil. 
Mag., [ill.], 33, 282; J. pr. Chem., [i.], 46, r; Schfitzenberger, 
Bull. Soc. Chim., [ii.], 4, 12; Schunck, Phil. Trans., 141, 433; 
14*/ 67; 145 . 389 ; Annalen, 66 , 174; 81, 151, 344; 87, 345, 351; 
Schunck and Romer, Ber., 10, 172, 551, 790; Debus, Annalen, 66, 
351; Wolff and Strecker, ibid., 75, 3; K. Moy, ibid., 54, 346; H. 
Koechlin, ibid., 59, 344; Schiel, ibid., 60, 79; De Lalande, J., 1874, 
486; E. Kopp, Bull. Soc. Ind. Mulh,, 186r, 31, 9; 1867, 3?,437; 
Rochleder, Annalen, 80, 323; 82, 207; Schwarz, ibid., 80, 333; 
Willigk, ibid., 82, 339; Stenhouse, ibid., 130, 341, 343; Bolley 
and Rosa, Dingl. poly. Jahr., 171, 446; Strecker, J., 1868, 479; 
Rosehstiehl, Ber,, 7, 1346, 10, 2178; Liebermann and Bergami, 
Ber., 25, 2241; Liebermann and Plath, Ber., 10,1618; Liebermann 
andFnedhuider, Ber., 29, iS$i; Schunck and Marchlewski, Chem. 
Soc Tjana., (fj, 969, 1137; 65, 182; Gmelin, Handb, 16,32; 14, 
129; Perkin and Cope, Chem. Soc. Trans., 65, 848. 
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Chav Root. 

Chay Root or Chay-aver (from chaya - which fixes colours, and 
ver« root), also called Indian madder, is the root of Olienlandia 
umbellata (Linn.), Rubiaces. It bears the following Indian verna¬ 
cular names; turbuli (Bengali); cheri-velto (Telugu), che or chay, 
sayawer, imburel (Tamil). The plant is a small bush or herb found 
on sandy soils, chiefly near the sea-coast. It occurs in North Burma 
and Ceylon, but is most abundant in certain tracts of the Madras 
Presidency, from Orissa southward. It does not appear to be used 
in Bengal, but on the Malabar and Coromandel coasts, especially the 
latter, it is or was extensively cultivated, and employed in dyeing a 
colour analogous to Turkey-red. The chief market is Madras, where 
it was sold in small bundles at about 4d. a lb. The roots are usually 
wbout u >—12 inches long and } inch thick, somewhat straight and 
stiff, tough and wiry, and with few or' no lateral fibres. When freshly 
gathered, they have an orange colour; but when dried and kept, they 
assume a yellowish-grey hue. Boiling water gives merely a pale 
yellow extract, but if alkali is added, a blood-red decoction is soon 
obtained. The colouring principles seem to reside chiefly, if not 
entirely, in the bark of the root. 

The older literature connected with chay root is extremely meagre, 
and is for the most part contained in the following publications: 
11 Philosophy of Permanent Colours,” 2 282,1813, Bancroft; “Bulletin 
de la Socidtd industriellc de Mulhouse,” 5302, 1832, E. Schwartz and 
D. Koechlin; “ L’Art de la Teinture des Laines,” 475, 1849, Gon- 
freville. Quantities of the root were imported into Europe in 1774 and 
at later periods, and its dyeing properties were examined by the above- 
mentioned experts. It met with little practical application, however, 
as it was not found to possess any advantage over madder; indeed, 
it was considered to have but one-half or even a fourth of the colour¬ 
ing power of madder; further, it was found to contain certain un¬ 
defined yellow substances of an acid character, which interfered 
somewhat with its dyeing power. Still, it was recognised as a good 
dyestuff, giving the usual madder colours, and equally fast to soap. 
It is evident that the yellow substances referred to are not the same 
as those described in this chapter, as Schwartz states that they were 
present in larger quantity in “nona" ( Morinda citrifolia) than in 
chay root, whereas the yellow substances described later exist in much 
larger quantity in chay root than in morinda root. Very probably they 
refer to Rochleder’s " rubichloric acid,” as this is contained in morinda 
root in larger amount than in chay root. Schiitzenberger, in his 
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“ Traiti des matiires colorantes," a, igi, 1867, states that he found 
chay root to contain alizarin and chlorogenin (rubichloric acid) and 
that it was easy to exhaust the root by extraction with alcohol. 

In many respects chay root resembles madder, as both contain 
ruberythric acid, alizarin, rubichloric acid, and cane sugar, but there 
are very marked differences in the nature of the other constituents of 
the-two roots. Madder, as is well known, contains purpurin, pur- 
purin- and purpuroxanthin-carboxylic acids, etc., and but traces 
of yellow crystalline substances, forming barium compounds soluble 
in water, which have not been fully investigated. In chay root 
the former substances are entirely absent, but, on the other hand, 
although the root contains considerable quantities of yellow crystalline 
substances, they are quite distinct from those contained in madder. 

The plfenolic constituents of this root have been studied by means 
of the sulphurous acid extraction method described in detail in coif 
nection with madder, and also by a subsequent exhaustion of the 
residual root with boiling lime-water. In this manner, ohlororubine, 
alizarin, and a mixture of non-tinctorial yellow substances were iso¬ 
lated. These latter are present in chay root (probably as glucoside) 
in comparatively large amount (1 per cent.) and have been shown to 
consist principally, if not entirely, of the following substances. 

Alizarin o.-methylelher crystallises from dilute methyl alcohol in 
long orange-yellow needles, melting at 178—179°. It has the con¬ 
stitution— 



This compound may be synthesised by the action of an ethereal 
solution of diazomethane on a nitrobenzene solution of monoacetyl 
alizarin (Oesch and Perkin, Proc. Chem. Soc., 1914, 30), subse¬ 
quently removing the acetyl group. Owing to the fact that the 
so-called monoacetyl alizarin is a mixture of the two monoacetyl 
alizarins, both a and / 3 -alizarin methylethers are thus simultaneously 
produced. Addition of alcoholic potash to a solution of the product 
in alcohol causes the precipitation of the /J-methylether as potassium 
salt, the a-methylether thus remaining in solution. 

The methoxyl group present in this substance is much more 
readily hydrolysed than is usually the case, for prolonged digestion 
with boiling baryta water is sufficient for this purpose, a precipitate 
consisting of barium alizarate thus separating. This property, there- 
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fore, accounts for the difficulty in obtaining either this compound or 
alizarin dimethylether by means of methyl iodide, for in this process 
of methylation a prolonged digestion in the presence of free alkali is 
necessary. On the other hand, whereas alizarin is only converted 
with considerable difficulty into alizarin dimethylether, by the action 
of methyl sulphate, alizarin a-methylether readily yields this sub¬ 
stance when treated with this reagent in the usual manner. 

Acetylalizarin a-methyle/her crystallises in yellow needles, melting 
at 212°. 

Anthragallol dimethylether (A) forms yellow needles, and dissolves 
in alkaline solutions with a red coloration. It is distinguished from 
the isomeric compound described below, in that it yields an am¬ 
monium salt, crystallising in scarlet prisms, which is sparingly soluble 
in cold alcohol. Heated with sulphuric acid to 180°, or with hydro- 
Whloric %cid, it is converted into anthragallo), and when methylated 
by means of methyl sulphate, is readily converted into anthragallol 
trimethylether. By the action of 1 o per cent, potassium hydroxide 
in a sealed tube at 180° for five hours, it is partially converted into 
methoxyalizarin— 



and a similar reaction occurs when sulphuric acid at 100° is em¬ 
ployed. The constitution assigned to this anthragallol dimethylether 
(A) is therefore as follows:— 



Acetylanthragalhl dimethylether crystallises in pale yellow prisms, 
melting at 213—215”. 

, Anthragallol dimethylether (B) crystallises in yellow leaflets, melt¬ 
ing at 230—232°, and gives a red ammonium salt which is soluble 
in cold alcohol. Heated with 10 per cent potassium hydroxide 
solution to t8o° for five hours, it is partially converted into a 
compound having thi reactions of methoxypurpuroxanthin— 

38 



THE A NTHRA Q VINO HE GROUP 



and most probably possesses the following constitution :— 


CO CH >° 

/ x /Sch 3 o 

\co/V OH 


By methylation with methyl sulphate in the usual manner, this 
compound is readily converted into anthragaliol triinethyletber. 

Acetylanthragailol iimethylether (B) consists of long yellow 
needles, melting at 176—178°. , • 

Hystazarine monomtthyUthtr obtained as long orange-yellow 
needles, melting at 232“, when heated with hydrochloric acid at 180°, 
is converted into hystazarine. Alkaline solutions dissolve it with a 
crimson coloration, and its ammonium and potassium salts, which 
crystallise in garnet-red needles, are insoluble in cold (itf-butylic 
alcohol. The constitution of hystazarine monomcthylether is as 
follows:— 


CO 

/ \Aoch, 


Nx/ 




OH 


By means of methyl sulphate, it yields hystazarine dimethylethef, 
which consists of yellow glistening needles, melting at 235—236”. 

Metahyiroxyanthraquinone , pale yellow needles, melting at 302°, 
is identical with the well-known artificial compound prepared from 
anthraquinone-jS-monosulphonic acid by digestion with alkali, 

Dyeing Properties.— Although chay root contains acid principles 
which tend to dissolve the mordants, its employment as a dyestuff 
presents no difficulty. The only precautions necessaryto be observed 
are to add 2 per cent, of chalk to the dye-bath, and to raise the 
temperature gradually to the boiling-point. 

,, Dyeing experiments on ordinary stripe-printed calico, containing 
alumina and iron mordants, have shown that the dyeing power pf 
(hay root is equivalent to the presence of a percentage of o‘$j —C35 
alizarin. Compared with ground madder root of good quality, it 
seems to have about half its dyeing power when the comparison is 
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made before soaping, but after soaping it appears to be quite equal 
to madder. Tbe reds, pinks, and chocolates have a distinctly bluer 
shade than those given by madder, and the lilacs are much fuller and 
brighter and very similar to those obtained from alizarin. This last 
feature alone ought to have secured a ready market for chay root 
among the European dyers, previous to the introduction of artificial 
alizarin) and it is somewhat strange that its marked suitability, for 
lilacs should have escaped the observation of those who formerly 
made dyeing experiments with this root. 

On oil-prepared calico, mordanted with alumina, chay root gives 
an excellent blue shade of Turkey-red, withstanding the operation of 
clearing with soap and stannous chloride better even than a madder- 
dyed red, and quite equal to one obtained by means of artificial 
alizarin. Good brown, red, orange, and purple colours are readily 
obtained on wool, and also on silk, suitably mordanted with chrom¬ 
ium, aluminium, tin, and iron, according to the ordinary method usual 
with dyers. On wool, the colours not being submitted to any soaping 
operation, chay root appears to possess about half the dyeing power 
of madder. 

Boiled with dilute sulphuric acid, chay root yields a “ garancine ’’ 
of a very dark green colour and possessing about three times the 
dyeing power of the original root. 

, Literature.— A. G. Perkin and J. J. Hummel, Chem. Soc. Trans., 
*893, 63, rr6o; ibid., 1895, 817; A. G. Perkin, ibid., 1907, 91, 
zo66; J. J. Hummel and A. G. Perkin, J. Soc. Chem. Ind., 1894, 

13. 346- 

Gauum. 

The roots of various species of galium have been employed to 
some extent for dyeing red on aluminium mordant, and Bancroft 
in his “ Philosophy of Permanent Colours ” (vol. ii., 303) mentions 
six of these plants, the roots of which gave an excellent red in this 
manner. More especially he refers to the Galium titutorium, the 
roots of which, about 2 feet in length, are of a dark reddish cotour, 
and which were employed by the French inhabitants of Canada to 
dye their cloths red. 

This product is also referred to by Hellot, p. t6r, as a species 
of madder brought from Canada which possesses an extremely 
slender root and produces nearly the same effect as European 
madder. 

According also to Bancroft the roots of the nearly allied species 
of Asferuta, of which he specially mentions the Asperula fimbria 
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known as "Dyer’s woodruff," were at one time used for dyeing red 
instead of madder (p. 307). 

Of others may be mentioned the Galium mullugo, Great Ladies' 
bedstraw or Wild madder, Galium vcrum, Yellow Ladies’ bedstraw, 
and Galium aparine, the well-known Cleaver’s or Goose grass, the 
two latter of which are common to this country. The roots of this 
last certainly give a small amount of dye soluble in alkali with a 
purple colour, and there seems to be little doubt that all contain dyes 
which are fast to light and of the alizarin type, though they appear to 
give a somewhat yellower shade than alizarin itself. An examina¬ 
tion of these in case they yield either anthrapurpurin or flavopurpurin 
would be interesting. 


Munjeet or Manjeet. 

e • 

The Rubia cordifolia (Linn.) was formerly extensively cultivated 
in India, particularly in the mountainous districts, for the sake of 
the colouring matters contained in its stem or roots. In the 
Darjeeling district it occurs as a small climber common all over 
the hills, at elevations varying from 3000 to 7000 feet, but most 
abundant between 5000 and 6000 fek, and is found either creep¬ 
ing along the ground or climbing the trunks of trees in large festoons. 
In Bengal it would seem that the dye of munjeet is extracted mainly 
from the stem, and only occasionally from the root, as is the case in 
the North-Western Provinces and elsewhere in India. The munjeet 
of Bengal is apparently rather the Rubia munjista of Roxburgh than 
the Rubia cordifolia. This species of Roxburgh is, however, re* 
dtlced to Rubia cordifolia in Hooker’s "Flora of British India". 
To prepare the dye the wood of the munjeet is first dried, then 
crushed and pounded, ahd then generally boiled with water, but 
sometimes merely left to steep in cold water. The solution obtained 
is of a deep red, and is used generally to dye coarse cotton fabrics, 
or the thread which is to be woven into such fabrics. Alum appears 
to'Be generally employed as a mordant, although myrobalans also are 
used in the Darjeeling district, and other astringents in the Maldah 
district. In the latter district munjeet is used in cbnjunction with 
iron salts to produce a deep purple, and in the Darjeeling district is 
mixed with indigo to form a maroon (McCann, “Dyes and Tans of 
Bengal 1 ’}. The red and chocolates of Bast Indian chintzes were 
formerly entirely obtained from munjeet. The colours produced 
from munjeet are bright, but not so durable as those from ordinary 
madder, the inferiority being due, according to Stenhouse (Pharm. 
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Jafar., 13, 148), to the presence of purpurin and an orange dye thun-' 
jistin (purpuroxanthin carboxylic acid). Runge, who examined ihe 
tinctorial power of munjeet, concluded that it contained twice as much 
available colouring matter as madder; but later experiments have 
shown that the colouring power is actually less. Stenhouse found 
thatmunjeet garancine has only half the colouring power of garancine' 
made from Naples roots, but that munjeet yields (according to Higgin) 
from 52—55 per cent, of garancine, whereas madder yields only 
3°~33 per cent. 

When madder was so much in vogue, munjeet was employed to 
some extent in this country, because it was considered that a good 
quality of this material contained as much colouring matter as madder, 
and could be applied by exactly the same methods. 

The important colouring matter of munjeet is purpurin , and no 
alizarin jg present in this root, and it is therefore interesting to note 
that whereas chay root contains alizarin, and munjeet purpurin, in 
madder both these substances exist together. 

For the analysis of the phenolic constituents of munjeet, a modi¬ 
fication of the method of Stenhouse, who first submitted this plant to 
examination, is to be recommended. 

The ground dyestuff is digested with boiling alum solution for 
five hours, and the deep red extract treated with acid and allowed to 
cool. The red precipitate is collected, washed, and dried, and then 
extracted with boiling toluene (carbon disulphide was employed by 
Stenhouse), by which means the colouring matters pass into solution, 
and a resinous impurity remains undissolved. The colouring matters 
, Ire now removed from the toluene by agitation with dilute potassium 
hydroxide solution, the alkaline liquid is acidified, and the precipitate 
collected, washed, and dried. In order to separate the constituents 
of this product it is extracted about ten times with boiling dilute 
acetic acid, and the dark red residue consisting of purpurin is cry. 
stallised from alcohol. 

• The earlier acetic acid extracts are mixed with hydrochloric acid, 
and the yellowish-red deposits are crystallised from alcohol. The 
product consists of orange-coloured leaflets, and is purpuroxanthin 
cartoxytic acid or munjistin, as it was termed by Stenhouse, its dis¬ 
coverer, who first obtained it from munjeet. The properties of this 
compound have already been given id detail under Madder. ■/<)■ ' 

, Munjeet has also been examined by Perkin and Kun^d^i 
in addition to the above constituents, detected the 
trace of pmpntmnMn (Cbem. Soc. Trans., 1893, 6 3 , 
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Rubia khasiana. 

t ii^. e0rding - t0 Watt (“ Dictionary of the Economic Products of 
Mflia,” TOj. vi., 571) there exists a variety of the Rubia eordifolia 
pUjra.) to which he has assigned the name of Rubia kbasiana. 
TT»is form, according also to Watt, is the richest in madder dye 
principles. It is occasionally met with in Sikkim, but attains its 
greatest development eastward in the Khdsia and Naga Hills. It 
seems nowhere to be met with to the west of Sikkim. This dyestuff, 
according to Perkin and Hummel, yields colours similar to those 
given by Rubia eordifolia and Rubia sikkimensis (Kurz.), but it 
possesses a somewhat greater colouring power than either (J. Soc. 
Chem. Ind., 1894, 13, 348). 


Rubia sikkimensis (Kurz.). # 

This Indian dyestuff is closely allied botanically to Rubia cordi- 
folia (Linn.); the dried root, which has a rough fluted appearance, 
is covered with a thick powdery layer of a grey pith-like substance, 
and looks altogether different from the round, smooth, straight 
roots of Rubia eordifolia. It occurs along with the allied species 
above mentioned in Sikkim and eastward to the Khisia and Naga 
Hills, where it is perhaps the most common as it is certainly the 
largest and most handsome species. Although the root has long 
been collected and sold in the bazaars at Darjeeling, the plant was 
not named or even known to exist prior to 1874, having escaped 
the attention of botanists, who appear to have mistaken it for Rubia 
eordifolia, The Lepchas of Sikkim do not appear to know that 
Rubia sikkimensis yields the madder dye, but in the Naga Hills and 
in Manipur this species alone supplied the brilliant red dye used by 
thehill tribes (see “Dyes and Tans of India,” 154; Special Cata¬ 
logue of Exhibits by the Government of India, Colonial and Indian 
Exhibition, 1886). 


The examination of this root, by an identical process to that de¬ 
tail in connection with Munjeet (Rubia eordifolia), has indicated 
4 Es? the phenolic constituents are purpurin, munjistin, and purpur- 
RoosdMn. A trace of a red colouring matter approximating to Ci*H, 0 , 
® also isolated, but the individuality of this compound 

[definitely established. 

''"',i(^^€.^ , opertus^ —The application of Rubia sikkimensis root hi 

.IC^W^.P^oted with iron and alumina mordants may be dyed 
addition of calcium carbonate or acetate to the bath 
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since there is a sufficiency of lime naturally present in tfie root 
Generally speaking, the colours with the different mordants ate 
similar to those obtained from madder, but the reds and chocolates 
are much bluer, being devoid of yellow, and the lilacs are decidedly 
greyer. The colours, however, are very similar to those obtained from 
Rubia cordifolia, the latter possessing nearly a half more dyeing power. 

Comparing the colours on ordinary stripe mordanted calico given 
by pure purpurin and Rubia sikkimensis , a very marked difference is 
noticeable; the former gives very yellowish-reds and chocolates, full 
pinks and purplish lilacs, while the latter yields very bluish-reds and 
chocolates, bare pinks and greyish lilacs. 

The dyeing power of Rubia sikkimensis is equivalent to its con¬ 
taining o'37—o'5 per cent, purpurin (Perkin and Hummel, Chem. 
Soc. Trans., 1883, 63, 1157). 

Morinda citrifolia. 

The roots of Morinda citrifolia (Linn.) and Morinda tinctoria 
(Roxb.), known as “Morinda Root,” are extensively employed in. 
various parts of India under the general trade name of Suraty'i , 
more especially for dyeing reds, purple-, and chocolates. These 
plants, the native names for which are Aal, A'l, Ach, or Aich, are 
to be met with in nearly all the provinces of India, either wild as 
in the jungles of Bengal, or cultivated in small patches in betelnut 
plantations, or near the homesteads of the dyers. In Bengal the 
plant is usually propagated by slips or cuttings, but in other parts 
it is raised from seed, as well as from cuttings. When the plants 
have attained a height of from 5—6 feet, that is, as a rule, about the 
end of the third year, the straight spindle-shaped roots which extend 
into the ground to the depth of 3 or 4 feet, are dug out and the 
upper portions of the plant are cut into slips to serve for the propaga¬ 
tion of the next crop. 

The colouring matter is found principally in the root bark, and 
is developed in greatest quantity at about the end of three or four 
years, depending upon the character of the soil. After thie time the 
dyeing principle gradually disappears, and the matured trees, which 
eventually attain the height of a mango tree, contain hardly a trace of 
it The thin roots are most valuable, roots thicker than half an inch 
being thrown away as worthless. They are or were mainly 1 Jjfy* 
dyeing the thread or yarn from which the coloured bordersjtf.tbe 
cotton garments worn by the lower classes are woven, but they are also 
employed for dyeing the coarse cotton fabric called “ Khim, *%. for-’ 
dyeing the silk thread which forms the border of the silk 
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cWJt". The colours given by A’l range from a reddish! 
yellow'through pink and various shades of red to a dark brown-red 
The tint seems to depend primarily upon the age of the root, and 
upon the proportion of root bark to stem which is employed. The 
root bark gives the best reds; the dye in the woody part of the root 
is yellow, and hence when the wood preponderates over the bark 
the resulting dye is reddish-yellow. 

’About 1790 Some of the powdered root under the name of 
“aurtch " came into the hands of Dr. Bancroft, who found little or 
no difficulty in applying it to both wool and cotton. At that time 
he considered that it might be profitably imported into Europe. 

In 183a Schwartz and Koechlin also examined the root under 
the names “ Nona ” and “ Hachrout,” and reported on its dyeing 
properties to the Industrial Society of Mulhouse. They referred to 
the fact that of all the Indian rubiacea examined by them, it con¬ 
tained the largest quantity of certain yellow principles of*an actS 
character which not only necessitated the washing of the root with 
cold water before dyeing, but also made it requisite to add a certain 
proportion of sodium carbonate to the dye-bath in order to have a 
perfectly neutral bath. Their conclusion was that since morinda 
root only possessed one-third the dyeing power of a medium quality of 
madder, it could never compete with the latter in the European market. 

About 1848 some morinda root was submitted for trial to some 
of the most experienced and skilful calico printers of the Glasgow 
district, all of whom concurred in declaring it not to be a dye at alt. 

In 1848 Anderson (Annalen, 71, 216) isolated from the root 
of the Morinda citrifolia by extraction with alcohol, a crystalline 
yellow substance which he named Morindin, and to which he assigned 
the formula CaH M O u . This substance when strongly heated, gave a 
crystalline sublimate morindon, and Anderson pointed out the great 
similarity, on the one hand, between morindin and ruberythric acid, 
and cm the other between morindon and alizarin. 

Rochleder (Annalen, 183s, 8s, 205) gave it as his opinion that 
morindin and morindon were identical with the ruberythric acid and 
alizarin derived from madder, and Stokes (Chem. Soc. Trans., 2, 
[a], 333) by examining the absorption spectra of solutions of alizarin 
and morindon in sodium carbonate and in ether, came also to the 
cMehufon that these two colouring matters consisted of one and 

Mime .nee. Stenhouse (J., 1864, 17, 543) formed a similar 
ophuoft iM 'pointed out that morindin not only gives morindon 
by betting, but also when digested with boiling dilute mineral acids. 

other hand, Stein (J., 1866, 19, 643) found that the 




jjtmoiption spectra of alizarin and morindon are oot (dtwtia),aad 
' that ruberythric add and morindin are distinct substance*, although 
the latter resemble each other in the respect that both are gluoosides. 
The distinction between these compounds was rendered much clearer 
by the work of Thorpe and Greenall (Chem. Soc. Trans., i88fc 
51, 53), and Thorpe and Smith {ibid., 1888, 53, 1%}), who showed 
that morindon possesses the formula CuH m O # ; on distillation with 
zinc-dust it gave methylanthracene (melting-point 390—191°), and 
was evidently a derivative of methylanthraquinone. To morindin, 
the glucoside, the formula C s ,H ffi O„ was assigned. 

Somewhat later Perkin and Hummel (Chem, Soc. Trans., 65, 
851), during an examination of the Morinda umkllata (Linn.) (». 
infra), proved that morindon contains three hydroxyl groups, and 
that Thorpe and Smith’s hydrocarbon was ^-methylanthracene. 

Oesterle and Tisza (Arch. Pharm., 1907, 345, 534) consider 
tSat the true formula of morindin is C 2r H J(l 0 15 , and that its hydrolysis 
with acid can be expressed as follows:— 

CsjHjoOu + aHsO = 3 C,H la O, + C IS H 1() 0 S 
The sugar thus formed is not fermented by yeast and yields an 
osazone melting at 197°.* 

Morindin crystallises from 70 percent, alcohol in glistening yellow 
needles, which melt at 245°, and dissolve in alkaline solutions with a 
red colour. It does not dye mordanted fabrics. 

Nono-acdylmorindin, CjjH.iOi^COCHj), ( 0 . and T.), citron- 
yellow needles, melts at 236“? 

Nono-bemoylmorindin, Ca 7 H 3 ]Oi 5 (CO. CjH 5 ) 0 ( 0 . and T.), yellow 
needles, melts at 186°. 

Morindon , the colouring matter of Morinda cilri/olia, which' is 
obtained by the hydrolysis of morindin, and also exists as a rule to 
some extent in the free state in this root, consists of orange-red 
needles, melting at 27*—272°. It is soluble in alkaline liquids* with 
a blue-violet tint, somewhat bluer than the corresponding alizarin 
solutions, which, when treated with baryta water, give a.cobalt-bhie 
precipitate of the barium derivative. Its solution in sulphuric add 
it blue-violet. 

Triacttylmorindon , C ls HtOj(COCH|)j, crystallises in dtfbmytitow 
needles, melting at 343°. , ; ; r 

Morindtm trimethykikr, C u H 7 0 j( 0 CH,)j, is a yellow ayitaUaje 
powder, melting at 339°. ' ’ 

* 'SfeMMta (private communication in 1918) considers this to 
and that the formula C*H,, 0 1( of Thorpe, Greenall and Smith (ci. Pmikif 
Soc. Proc., 1908,34,149) correctly represents morindon. See also 
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The exact constitution of morindon has not yet been i 
but it appears probable that if this compound contains in reality thrcft 
phenolic hydroxyls, it most (jkely consists of a methyl anthragalloL 
If, on the other hand, as is quite probable, morindon contains an 
alcoholic group, which, according to Robinson and Simonsen, occurs 
in the isomeric aloe-emodin— 


i 7 " °'/NcHjOH 


X 

OH co OH 


then its constitution will be represented as alizarin in which one of 
the three ^-positions is occupied by CHjOH. Though such a con* 
stitution would appear to harmonise well with the present known 
properties of morindon, according to Simonsen (private coamuni(jI- 
tion) experimental evidence of a CH 2 OH group in this compound 
is lacking. 

In many respects the Morinda citrofolia resembles chay root and 
madder, for, in addition to morindin and morindon, it contains a 
large quantity of chlorogenin, and certain yellow non-tinctorial sub¬ 
stances, derivatives of anthraquinone. The preparation of morindon 
in quantity can be conveniently carried out by extraction with 
sulphurous acid, according to the details given in the sections on 
Madder and Chay Root for the isolation of natural alizarin. The 
non-tinctpriai yellow compounds, which are obtained as by-products 
by this method, have not yet been studied in the case of the Morinda 
cttrefolia , but in the case of the Morinda umhellata have been 
partially investigated (see below). 

From the alcoholic extract of the Morinda citrifolia, Oesterle 
(Arch. Pharm., 1907, 245, 287) has isolated a small quantity of a 
substance which has the constitution of a monomethyl ether of a tri- 
hydroxymethylantkraquinonc. It consists of yellow crystals, melting 
at a 16°, soluble in hot alkaline solutions, with a yelldwish-red colour. 
It is not, as this author suggested, identical with the emodin methyl 
ether, which exists in the VcntiUtgo madraspatana (A. G. Perkin, 
CMh*. Soc. Trans., 1907, 2074). 

§i^^H,d^pertiei.-~ln Dr. G. Watts’ “ Dictionary of the Economic 
Ptpdudt* of India," Dr. J. Murray bos written under the head of 
Morinda, not only a most complete account of the more important 
tjpcies, bat full details of the native methods of dyeing with them. 
.»• methods of dyeing vary considerably in different parts of 
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pdia> but they ate «B similar in general principles, and are prac- 
tically crude processes of the terkey-red dyeing known in Europe, 
An extended series of dyeing experiments in connection with morindar 
root have ijeen carried out by Hummel and Perkin (J. Soc. Chem. 
Ind., 1894,13, 346), who find that by adopting certain precautions 
this dyestuff possesses a dyeing power which is greater than madder 
itself. 

To obtain good results it is necessary, as previously indicated by 
the work of Schwartz and Koechlin (loc. cit .), to neutralise, or better 
still to remove, the free acid which exists in considerable quantity jn 
the roots. Experiments also with the powdered morinda root which 
had been allowed to ferment, or had been digested with boiling dilute 
acid, as in the preparation of “garancine ” from madder, showed that 
these preparations dyed exceedingly well when 1 per cent, of chalk 
v^s added to the dye-bath. It was found, for instance, that 7 - 5 
grams of a sample of washed morinda root (equivalent to 10 grams 
of the unwashed root) had a dyeing power equal to 15 grams madder 
root of good quality. 

The reds and pinks obtained on alumina mordant are yellower 
than the corresponding madder colours, the chocolate presents a 
similar difference in tone, and hence again appears fuller than a 
madder chocolate, whilst the lilac is distinctly redder. Oil-prepared 
calico mordanted as for turkey-red gives a very bright orange-red or 
scarlet similar in shade to that given by flavopurpurin, and fast to 
clearing with soap and stannous chloride. Chromium mordant on 
similarly prepared calico gives a full rich chocolate, and iron mordant 
yields colours varying from dull purple to black, according to the 
intensity of the mordant. O11 wool and silk, mordanted according 
to the usual methods, good chocolate-browns are obtained with 
chromium, orange-reds with alumina, bright orange with tin, and dark 
purple and black with iron mordant. All the colours referred to are 
as fast to soap as the corresponding madder colours. With respect 
to wool and silk in the unmordanted condition, these fibres may be 
readily dyed both with the washed and unwashed root, more or ton 
rich orange or yellow colours, the brightness of which is enhanced 
by the addition of a little acetic acid to the dye-bath. These colours, 
however, which appear to originate from the glucoside monndui 
itself, are of a sensitive character towards alkalis and of fitrie tdM 


, Morinda umbrluta or Mang-koudu. . ,J /■; 
The dyeing material, variously named oungkoudou, jong-koutbng, 
etc., is the root-bark of umbellata (Linn.)-aijd i* 
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in Eastern commerce in tbe form of small, reddish-brown, irregular 
rolls of bark, much wrinkled in appearance. Its cost is or was 
about 6d, per lb. In Java it is largely: used for producing the fast 
reds in the native calico prints, well known under the name of 
“ baticks 

Although that shrub from which the root-bark is obtained is met 
with.in Ceylon and the hilly regions of Eastern, Southern, and South- 
Western India, as well as< in the Malay Peninsula and Java, the 
material does not appear to be considered as of any special import¬ 
ance by the Hindoo dyers, unless, indeed, as is very probable, they 
use the root as a whole under the general designation “ ill root," of 
which it must simply be regarded as a variety. 

The following are a few of its Indian vernacular names: k\ 
(Bomb); mina (Tamil); muliighddii (Telugu); mang-kudu (Malay). 

The older literature connected with mang-koudu is extremely* 
limited, brief reference to its dyeing properties only being found in the 
following publications; “ Philosophy of Permanent Colours’’ (r 813), 
Bancroft; 11 Bulletin de la Societe Industrielle de Mulhouse” (*832), 
E. Schwartz and I). Koechlin; “ L'Art de la Teinture des Laines " 
(1849), Gonfreville; "Monograph on the Dyestuffs and Tanning 
Matters of India," etc. (1878), T. Wardle; Watt's “ Dictionary of the 
Economic Products of India” (1891), J. Murray. 

The examination of this dyestuff by Perkin and Hummel (Chem. 
Soc. Trans., 65, 851) has indicated its close chemical resemblance 
to the Morinda citri/olia. It contains a glucoside of the nature of 
morindrn, which yields by hydrolysis morindon, but which, according 
to Perkin (Chem. Soc. Proc., 1908, 24, 149), is best represented by 
the formula Cj*H m Ou, and is identical with that suggested by 
Thorpe and Greenall (Chem. Soc. Trans., 1887, 51, 52) for the 
morindin derived from the Morinda citri/olia. The acetyl derivative 
Cj»HjoOh(CsHjO) 8 is very sparingly soluble in alcohol, and melts 
at 346—248°, and the sugar produced from the glucoside yields an 
osazone melting at 302—203', which is not readily dissolved by alcohol. 

This root-bark contains a considerable quantity of chlorogenin 
(cf. Madder), together with a small amount of non-tinctorial yellow 
derivatives of anthraquinone. A quantitative examination of the 
extract from 300 grams of the material with sulphurous acid (cf. 
Madder) gave 9*47 grams of green precipitate, which yielded:— 

, Crude chlororubin , . 8075 grams *• 4'03 per cent. 

; Puremorindon . . ri8y „ = 0 59 „ „ 

.Yellowsubstances. . 0308 „ -0104 „ „ 
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these yellow substances proved to consist of a mixture of at least 
six distinct compounds. The main constituent isolated in yellow 
needles, melting at 171—173°, possessed the formula CuH,jO t , and 
had properties in harmony with those required by a monomethyl 
ether of a trihydroxymethylanthraquinone. The diacetyl derivative 
CigHiijOjfCaHgOJg melts at 148 • 4 

A second compound, Ci 6 H u 0 4 , crystallised in yellow needles, 
melting at 269°, and was found to consist of the methylpurpuroxanthin 
prepared synthetically (Marchlewski, Chem. Soc. Trans., 1893, 63, 
1142) by the condensation of metadihydroxybenzoic acid with para- 
methylbenzoic acid— 


CH. 


/C°\ 

■ 

\cc/ 


OH 


OH 


The remaining yellow substances, (a) Ci«H b Oj, orange-red 
needles, melting-point 258”, (/>) Ci ( H w O s , lemon-yellow needles, 
melting-point 198—199°, (r) Ci«H 10 O 5 , needles, melting-point 208°, 
were isolated in such small amount that a determination of their 
constitution could not be attempted. 

Eyeing Properties .—This dyestuff is largely employed by the 
Javanese for producing the fast reds in their celebrated “ baticks ”, 
The colours it yields are practically identical with those given by 
morinda root, but much fuller, a fact not to be wondered at, for it is 
well known that in ordinary morinda root the colouring principle is 
situated chiefly in the root bark. In its ordinary condition mang-kudu 
is not useful in dyeing, but as in the case of ill root, a preliminary 
washing or steeping in water suffices to remove the deleterious acid 
principles present, and thus to transform it into a valuable red dye¬ 
stuff. 


Morinda longiflora. 

Morinda longiflora, known as “Ojuologbo" (woody vine) 0our. 
Soc. of Arts, 1905, 53, 1069), is a native of West Africa, and con¬ 
sidered to be one of the most valuable medicinal plants of that 
region, It is fully described in the “Flora of Tropical Africa” 
(1877, in, 19a), where it is stated to be known under the native 
name of “Mibogga". 

According to Barrowcliff and Turin (Chem. Soc. Trans,, 1907^ 
91, 1909) the root of the Morinda longiflora (G. Don) contains 
an hydroxymethoxymethylanthra^uinone and an alitarin^monmtikyl 
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ether, although morindin, the common constituent of the roots of the 
Morinda citrifolia, Morinda tinctoria and Morinda umhellata, is absent. 
The hydroxymethoxymethylanthraquinone, C M H ls 0 4 , yellow needles, 
melts at 290°, and the acetyl derivative at 173 0 . Heated with 70 per 
cent, sulphuric acid it gives the 1 : 3-dihydroxy-2-methylanthraquin- 
one of Schunck and Marchlewski (Chem. Soc. Trans., ' 1894, 63, 
18a). Accordingly it possesses one of the following formulae— 

CO OCH, CO OH 

. I / YYY». 

0H v\A/° CH t 

CO CO 

Hydriodic acid converts it into dihydroxymethylanthranol, Ci 6 H u Oa 
(melting-point 233 0 ), and by methylation 1 :3-dimethoxy-2-3nethy^ 
anthraquinone (melting-point 181°) is produced. 

The monomethyl ether of alizarin 

CO OCHj 

CX0°“ 

CO 

is identical with the compound isolated by Perkin and Hummel 
(Chem. Soc. Trans., 1893, 63, 1174) from chay root, Oldeniandia 
umbellata (Linn.). 

The leaves of the Morinda longiffora also contain the above-men- 
tioned hydroxymethoxymethylanthraquinone, and in addition a cry¬ 
stalline alcohol morindanol , C S8 H M 0„ which melts at 278” and has 
[a] D + 65 '9°. With sodium methoxide and methyl iodide it yields 
methyl morindanol, Cj 8 H #1 O s . OCH a (melting-point 116°). 

“Ojuologbo” does not appear to contain an alkaloid, and ex. 
tracts of the leaves and root were not found to possess any pronounced 
physiological action (B. and T.). 

Rhubarb.' 

Probably no natural product has been so frequently examined as 
rhubarb root {Rheum officinale), but only those communications which 
appear to be of sufficient importance wilt be dealt with here. Geiger 
(Annalen, 1823, 8, 47; 1824, 9, 91) isolated from the root a sub¬ 
stance, “ rhabarberin," which he termed its most important consti¬ 
tuent, hi the form of small wart-like crystals, and this was later shown 
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by Schlossberger and Dapping {ibid,, 1844, 50, 214) to be identical 
with the chrysophanic acid described by Rochleder and Heldt (Ann. 
Chem. Pharm., 1843, 48, 12) as present in the wall lichen {Parmelia 
parietina ). W. de la Rue and Muller by extracting the root (Chem. Soc. 
Trans., 1857, to, 298) with benzene and treating the residue with 
sodium carbonate solution, separated it into two portions, namely, 
chrysophanic acid, which remains undissolved, and emodin, which passes 
into solution. Liebermann and Seidler (Annalen, 212, 36) by dis¬ 
tilling chrysophanic acid with zinc-dust obtained methylanthracene, 
and gave it the constitution of a dihydroxymethylanthraquinone, and 
whereas emodin consisted of a trihydroxymethylanthraquinone (Lieber¬ 
mann, Annalen, 183, 176), it appeared that these compounds were 
related in the same way as purpurin and alizarin. Much more recently 
Hesse (Annalen, 1899, 309, 32) found that rhubarb contains rhein, 
•and in»addition to this isolated rhabarberon , isomeric with emodin, and 
a third compound containing a methoxy group presumably chryso¬ 
phanic acid methyl ether. Eyken (Pharm. Weekblad, 1904, 41, 177), 
again, besides chrysophanic acid, emodin, and rhein, obtained iso- 
emodin, evidently identical with Hesse’s rhabarberon, whereas Oesterle 
and Johann (Arch. Pharm., 19x0, 248, 476) indicated that Hesse’s 
third compound, containing a methoxy group, was the emodin methyl 
ether previously isolated by Turin and Clewer from the Rumex 
ecklonianus (Meissner). This in reality was first described by 
Perkin and Hummel as present in the root-bark of the Ventilago 
madraspatana (Chem. Soc. Trans., 1894, 65, 940), and that of the 
Polygonum cuspidatum {ibid., 67, 1084). That rhubarb contains glu- 
cosides was shown by Tschirch and Heuberger (Arch. Pharm., 
190a, 204, 596), and one of these compounds, chrysaphaneinf a 
glucoside of chrysophanic acid, has been described by Gilson (Arch. 
Intemat. de Pharmakadynamie et de Therapie, 1905, 487). The 
latest and most systematic examination of rhubarb root was carried 
oat by Turin and Clewer (Chem. Soc. Trans., 1911, 99, 946), who 
have shown that the iso-eraodin of Tschirch and Eyken and the 
rhabarberon of Hesse consist of aloe-emodin , and moreover, in addi¬ 
tion to these a fifth anthraquinone derivative, rhewolic add, is. also 
present Rhein, emodin, aloe-emodin, emodin monomethyl ether, 
and chrysophanic acid exist in the root partly in the form of glucoside, 
though it was not found possible by these authors to separate the in¬ 
dividual constituents of this glucoside mixture. More recently the 
interesting discovery has been made by Muller (Trans. Chem. Soc., 
1911, 96, 967) that alizarin is present in this drug. Rhubarb root 
contains also gallic acid, cinnamic acid, and a non-glucosidic resin, 
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to which latter the purgative actions of this drug are mainly due. On 
the other hand, emodin and chrysophanic acid possess this property 
in a 'mild degree. 

Chrysophanic Acid. —Chrysophanic acid, C u H w 0 4 , as obtained 
from rhubarb is contaminated with emodin methyl ether which is 
difficult to remove by fractional crystallisation, and on this account 
a considerable variation in its melting-point is to be observed in the 
earlier literature. The difficulty in removing the emodin methyl ether 
can be overcome according to Oesterle (Arch. Pharm., 1905, 343, 
434) by heating the crude substance in benzene solution with alu¬ 
minium chloride. This demethylates the emodin which can then 
readily be eliminated by crystallisation and the pure chrysophanic 
acid isolated in brownish-yellow leaflets, melting-point 196° (Tutin 
and Clewer, loc. tit). Chrysophanic acid is insoluble in cold solu¬ 
tions of the alkali carbonates, but dissolves in dilute caustic alkali^ 
with a cherry-red colour, and from this solution the calcium* salt is 
deposited by addition of lime water. Distilled, as already indicated, 
with zinc-dust it yields, according to Liebermann and Seidler, 
/S-methylanthracene, but according to Jowett and Potter (Chem. 
Soc. Trans., 1903, 83, 1327), owing to the great similarity which 
exists between the isomeric methylanthracenes, this cannot be re¬ 
garded as proven. 

Acetylation gives first monoacetylchrysophanic acid, C 14 H e O t , 
(CaH s O), yellow needles, melting-point 152” (Hesse, loc. tit), and 
subsequently diacetyl chrysophanic acid leaflets, first obtained by 
Liebermann, and which, according to Oesterle, melts at 208“. Hi- 
bcnzoylchrysophanic acid is described by Warren de la Rue and 
Muller (Jahres., 1862, 323) as prisms, melting-point 200°, and by 
Tutin and Clewer as pale yellow needles, melting-point 204°. Chry¬ 
sophanic acid is not methylated by means of sodium and methylic 
iodide at 100° (Jowett and Potter), but with methyl sulphate it gives 
first chrysophanic acid monomethyl ether, C 16 H 9 0 8 ( 0 CH 3 ), orange- 
coloured needles, melting-point 204°, which forms the acetyl deriva¬ 
tive, melting-point 204—205°, and subsequently chrysophanic acid 
dimethyl ether, ChH 5 0 2 CH 8 ( 0 CH 3 )j, needles, melting-point 195°. 
According, however, to Tutin and Clewer (Chem. Soc. Trans., 1910, 
97, 6) with methyl iodide and sodium methylate in presence of 
alcohol, at 100° the dimethyl ether can be obtained. 

By heating with fuming nitric acid, chrysophanic acid gives the 
tetra-nitro compound,CisHfi^Chj^Liebenmm and Giesel, Annalen, 
183, 175), yellow leaflets or needles which yield crystalline salts of 
the type CuH^OuKj. Strong ammonia at 200” gives amino-chryso- 
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fhanie acid, CHtCuHjOH^HjJOj, small brown leaflets (Liebermann 
and Giesel); Hesse obtained the same compound by the action Of 
strong ammonia in the cold (Annalen, 1899, 309, 3a). By adding 
tin to a boiling solution of chrysophanic acid in acetic acid and sub¬ 
sequently fuming hydrochloric acid, or by boiling chrysophanic acid 
with sine-dust, Liebermann (Ber., 21, 436) obtained thrysophan- 
hyiranthrone, C I5 H,80 3 — 

/CH JX 

OHC 6 H s (CH 3 )( )QH 3 OH 
X CO / 

yellow leaflets, melting-point 196°, which gave an acetyl compound, 
melting-point 230—231“. By the action of hydriodic acid Hesse 
obtained the same substance (Annalen, 284, 194), and this product, 
no doubt mthyl-dihydroxy.anthranol, was considered by Jowett 
.and Potter (Chem. Soc. Trans., 1902, 1528) to be identical with 
the chrysarobin of Goa powder. By oxidation it is reconverted into 
chrysophanic acid. Gilson isolated from Chinese rhubarb (Arch. 
Intemat. de Pharmakadynamie et de Therapie, 1905, xiv,, 487) a 
glucoside of chrysophanic acid which he termed ckrysophanein. 

This crystallises in yellow needles, melting-point 242—249°, in¬ 
soluble in dilute ammonia, but soluble in sodium hydrate solution 
with a reddish-brown coloration. By hydrolysis with acids it is 
converted into chrysophanic acid and glucose— 

QAA + H s O “ C :5 H..,0. 4 - CgHjjOft 
Though chrysophanic acid is evidently a dihydroxymethyl-anthra- 
quinone its exact constitution has long been uncertain as attempts to 
synthesise it have at present failed. By fusion with alkali or oxida¬ 
tion with permanganate, benzoic acid is not produced, and conse¬ 
quently the methyl and the two hydroxyl groups are not all present 
in the same benzene nucleus (Jowett and Potter). These authors 
and Hesse (Annalen, 1899, 309, 32) assign to chrysophanic acid the 
constitution of a methyl quinizatine— 



Against this, which would, however, explain Jowett and Potter’s 
statement as to its non-methylat'on by means of methylic iodide, Is the 
feet that in its colour reactions chrysophanic acid does not resemble 
quinizarine itself. Oesterle (Chemie der natiirlichen Farbstoffe, Rfipe, 
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a, 117) favours the view of Liebermann that this compound is a 
y8-methylanthraquinone derivative and represents it as a ,8-methyl r8 
or r6 dihydroxy anthraquinone of which he indicates five distinct 
possibilities. 

More recently, however, Leger (J. Pharm. Chim., 1912, 5, 281) 
has assigned to chrysophanic acid the constitution of a 1 '8 dihydroxy, 
methylanthraquinone, and this is doubtless correct— 


OH ^ OH 

,/ c \ 

'W 


CH a 


Interesting is the fact described by Oesterle (Arch. Pharm., 1908, 
249, 455) that chrysophanic acid can be oxidised to rhein, and that 
when aloe-emodin is reduced chrysophanic acid is obtained. • 
Though chrysophanic acid has long been considered as devoid 
of tinctorial property, according to Riipe (foe. cit.) this is incorrect. 

By employing mordanted and unmordanted wool the following 
shades may be obtained :— 

Aluminium. Chromium. Without Mordant. 

Red-yellow. Dull yellow. Citron-yellow, 

As already indicated, chrysophanic acid is present in the lichen 
Parmclia parietina, and among other sources are the Squamaria 
elegans (Thomson, Annalen, 53, 260), the root of the Rumex obtusi- 
folius (Thann, Annalen, 1858, 107, 324), Rumex ecklonianus (Turin 
and Clewer, Chem. Soc. Trans., 1910, 97, 1), Rumex nepalensis 
(Hesse, Annalen d. Chernie u. Pharmacie, 1896, 291, 306), Cascara 
sagrada (Leprince, Comptes rend., 1899, 129, 60), and in the bark 
of the Rhamnus frangula (Limousin, J. Pharm. Chim., 1885, 80). 

Emodin, C 1 s H I 0 O s . —Emodin, the second important constituent 
of rhubarb root, is now known as frangula-emodin not only on ac¬ 
count of its existence (in the form of glucoside) in the bark of the 
Rhamnus frangula , but to distinguish it from the isomeric aloe- 
emodin which can be obtained from rhubarb and other sources. 

It was first isolated from rhubarb root by Warren de la Rue and 
Mtiller (Trans. Chem. Soc., 1857,10, 300), who extracted the washed 
root with benzene, and treated the crude mixture of emodin and 
chrysophanic acid thus isolated with sodium carbonate solution, in 
which, in the cold, emodin only is soluble. 

Emodin crystallises in orange-red needles sparingly soluble in 
benzene, more readily soluble in alcohol, it melts at 234—255° 
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(Perkin, Chem. Soc. Trans,, 67, ro86), >52” (Tutinand Clewer), 250° 
(Oesterle, loc. eit,). Solutions pf the alkaline hydrates and ammonia 
dissolve it with a violet-red colour and sulphuric acid with a deep 
red tint. Distilled with zinc-dust it yields methyl anthracene which 
according to Oesterle and Tisza (Arch. Pharm., 1908, 246, 43a) 
is the /} variety. 

Triacetyl-emodin , Ci S H 7 0 6 (C,H 3 0 )j, long yellow needles, melts at 
196—197°; Tripropionyl-emdin , needles, at 121—123°, and ' Di- 
hmoyl-tmodin , needles, at 223—224 0 (Oesterle and Tisza). Emodin 
tridiphenyl urethranc (Tutin and Clewer, Chem. Soc. Trans., 1912, 
101, 290), CH 8 . C 14 H 4 0 5 (C 0 ; NPh s )j, crystallises in pale yellow 
prisms, melting-point 193°. 

Methylation by means of methyl sulphate gives Emodin trimethyl 
ether needles, melting-point 225 0 (Oesterle and Tisza). 

When reduced in boiling acetic acid solution with tin in a finely 
Jivided'condition emodin yields Emodin anthranol — 

OH 

(OH)C 6 H / I )c 6 H 2 (CH 3 )(OH) 2 
'CH / 


which may also be represented as 


(OH)C 6 H 3 / 


CO 

CH S 


\ 

/ 


QH 2 (CH 3 )(OH) 2 


It forms colourless crystals, soluble in ammonia and barium 
hydrate solutions with a yellowish-brown colour. 

Emodin is thus a trihydroxymethylanthraquinone and may con¬ 
sist, as Liebermann suggests, of an hydroxychrysophanic acid. If 
this is admitted, there can be little doubt that the third hydroxyl 
is in the meta position to one of the others present in chrysophanic 
acid, and it will consequently consist of an hydroxynuthylpurpur- 
oxanthin.' 

Emodin is contained as the glucoside frangulin in the bark of the 
Rhamnus frangula, the glucoside po/ygonin in the root of the Poly¬ 
gonum cuspidatum, and it has also been isolated from the R. pur. 
shtanos and R. cuilludica (Tschirch and Pool, Arch. Pharm., 1908, 
246, 315) and R. cathartica (Tschirch and Polacco, Arch. Pharm., 
1900, 238, 459)- 

Frangwla-Emodln Methyl Ether.— This compound, as already 
stated, is found associated with crude chrysophanic acid, and to its 
contamination with this impurity is to be ascribed the lower melting- 
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point at first assigned to this latter substance. Originally isolated by 
Perkin and Hummel (Trans. Chem. Soc., 1894, 65, 632) from the 
root-bark of the Vtntilago madrasfatana and by Perkin from the 
root of the Polygonum cuspidatum {ibid 67, 1084), it was identified 
by Turin and Clewer (Hid., 1910, 97, 1) as one of the constituents 
of the Rumcx ecklonianus. Jowett and Potter (ibid., 1903,77, 1330) 
who prepared this compound by the methylation of emodin doubted 
at first the identity of their product with the natural compound, but 
somewhat later Tutin and Clewer ( loc. cit.) proved this to be the case. 

It can be isolated (Oesterle and Johann, Arch. Pharm., 1910, 
248, 476) by extracting the acetylated crude chrysophanic acid with 
alcohol at 50—55°, and hydrolysing the acetylemodin methyl ether 
thus produced, and has also been obtained (Tutin and Clewer) by a 
fractional extraction of the constituents of rhubarb root. The pro¬ 
perties of this compound, which crystallises in orange-red needles, 
are described later in connection with the root-bark of the Ventilago 
madraspatana. 

According to Oesterle and Johann this emodin methyl ether is 
identical with Gilson’s rheo-chrysidin (Arch, internat. Pharm. Ther., 
1905, 14, 492), with Hesse’s physcion (lichen-chrysophanic acid) 
(Abst., 1906, 1, 280), and with the methyl-chrysophanic acid of 
this latter author (Abst., 1900, 1, 41). 

Aloe-Emodin. —Aloe-emodin appears to have been first isolated 
from rhubarb by Hesse (Pharm. J., 1895, iv., 1, 352, and Annalen, 
1899, 309, 32), who described it as rhabarberon isomeric with 
emodin, C 15 H w 0 5 , and subsequently by Eyken who, though consider¬ 
ing it as probably identical with Hesse’s rhabarberon, termed it iso- 
emodin. More recent work by Oesterle has shown (Arch. Pharm., 
1899, 88) that historically the first preparation of this compound, 
though in an impure condition, is due to Tilden (Chem. Soc. Trans., 
1877, 267), who under the name of aloe-chrysin obtained it by the 
oxidation of aloin (see later). Tutin and Clewer (ibid., 1911, 948), 
on the other hand, first recorded aloe-emodin as a constituent of 
rhubarb root, and at the same time confirmed the identity of 
rhabarberon, iso-emodin, and aloe-emodin. According to Oesterle 
(lot. a'/.) the emodin existing in senna is also aloe-emodin. Aloe- 
emodin crystallises in pale brown orange needles melting at223—224°, 
soluble in dilute ammonia to form a red-coloured liquid and in sul¬ 
phuric acid with the same tint. These properties are identical with 
those of frangula-emodin, but on heating their solutions in sulphuric 
acid the product thus given by aloe-emodin dissolves in ammonia 
with a violet, whereas that from frangula-emodin gives a red coloration. 
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Aatylaloe-tmodin, C !5 HA(C 3 H a O)j, y«ll<W needles, melt* at 177 
—178° (Oesterle, Arch. Pharm., 1899, * 37 , (*), 81, 699)1 tnpropionyl 
ilot-tmodin, needles, at 15a—153° (Oestede), and tribenuyl alot- 
tmodin, greenish-yellow needles, at 334° (Robinson and Simonsen, 
Chem. Soc. Trans., 1909, 95, 1091). According to Leger (Comptes 
rend., 1910, 151, 128) tetraniiroaloe~einodin , Ci$H 8 05(N0s) 8 , forms 
golden needles, melting-point 285°. 

By the reduction of aloe-emodin with tin and hydrochloric acid 
in the presence of acetic acid, Oesterle (Schweiz. Wochenschr. f. 
Chem. u. Pharm., 1900, 21) obtained a compound crystallising in 
yellowish-green leaflets, melting-point 181—187°, which possessed the 
formula CuHuOj and was regarded as a dihydroxymethylanthranol— , 

CH 

C,h/ I \c 8 (CH,)(OH) 2 
. 'CiOH/ 

By oxidation with chromic acid aloe-emodin is converted into 
rhein (Oesterle, Arch. Pharm., 1903. Hi, 604), and when reduced 
chrysophanic acid is obtained (Oesterle, Arch. Pharm., 1911, 249, 
455). The constitution of aloe-emodin is given on page 59. 

Rhein. 

Rhein was isolated from rhubarb by Hesse (Annalen, 1899, 309, 
43), whereas Oesterle and Babel (Schweiz. Woch. Chem. Pharm., 
1904, 42, 329) showed that Tilden’s aloe-xanthin prepared by the 
oxidation of barbaloin, and to which he had assigned the formula 
Ci 5 HioO,i> was a mixture of aloe-emodin and rhein. More recently 
its presence in rhubarb root has been confirmed by Putin and Clewer 
(toe. cit.). It crystallises from pyridine in glistening orange-yellow 
needles melting at 3t8° (Tutin and Clewer), 314“ (Oesterle), and is 
soluble in dilute alkaline solutions with a red colour. According 
to Oesterle it possesses well-defined tinctorial property and gives on 
fabrics mordanted with aluminium and chromium yellow shades. 

The relationship between aloe-emodin and rhein and the con¬ 
stitution of these compounds has been elucidated by Robinson and 
Simonsen (Chem. Soc. Trans., 1909, 95, 1085). Whereas rhein 
yields only a diacetyl compound, and this is soluble in sodium acetate 
solution, further proof of the presence of a carboxyl group is afforded 
by the fact that this substance on hydrolysis and esterification readily 
yield* an ester, which by saponification is again converted into rhein. 
As aloe-emodin C u H 10 O 5 containing three hydroxyl groups is con- 
verted by oxidation with chromic acid into rhein C u HA(OH)s in 
which but two are present, it is clear that one of the hydroxyls of 
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aloe-emodin must be contained in a CHiOH group and die oxida¬ 
tion process be represented as follows:— 

C m H 5 Oi(OH),CH,OH + O, - CuH s Oj(OH)jCOOH + H a O 

Aloe-emodin is thus the carbinol and rhein the corresponding 
carboxylic acid of a dihydroxy-anthraquinone. 

To obtain an insight into the nature of this latter, Robinson and 
Siftionsen prepared its dimethoxy derivative by converting dimethyl 
rhein amide, Ci4H s Oj(OMe) a CONHj, into amino-dimethoxy-anthra- 
juinone, C M H 6 02(0Me)2NHa, and then eliminating the amino group in 
the usual way. The properties of this dimethoxy compound, according 
to these authors, indicate it to consist of iso-chrysazin dimethyl ether— 


0CH * rn 

s/ C0 \ 

7 co 7 


OCH, 


The constitutions of rhein (i), aloe-emodin (a), and chrysophanic 
acid (3) may therefore be expressed thus:— 


OH 


(0 


/CO 


\ 


OH 


X C 0 7 


COOH 


(*) 


OH OH 

v/ C0 V 

7 C 0 7 


CH,OH 


OH 


( 3 ) 


'\/ C0 \ 


'CO 7 


OH 


CH S 


The following derivatives of rhein have been obtained:— 
Diacetyl-rhein, C ls H 8 (C,H 3 0 )j 0 c , needles, melting-point 147 
—248” (Oesterle), 258° (Turin and Clewer), Tetranitro-rhein 
(Leger), C 15 H 4 0 (i(N 0 „) ( , short efflorescent prisms, Rhein ethyl ester , 
CttHA(OH)jCOOEt, needles, melting-point 159°, Diacetyl-rhein 
ethyl ester, plates, melting-point 170”, Rhein dimethyl ether, 
C H H 6 Oj(OMe) s COOH, 

light-brown needles, melting-point 283—284°, Dimethyl rhein ethyl 
.tester, C u H t 0 j( 0 Me)iCOOEt, sulphur-yellow needles, melting-point 
185—187°, Dimethyl rhein chloride, CuH s O s (OMe) t COCl, yellow 
prisms, melting-point 190°, Dimethyl rhein amide, 
C„HA(OMe),CONH t , 
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plates, melting-point 287° (Robinson and Simonsen). The amino- 
dimethoxy-anthraquinooe and dimethoxy-anthraquinone alluded to 
above melt respectively at 243° and 204—205°. 

Rheinolic Acid.— This compound, which is present in rhubarb 
root only in very small amount, was discovered by Tutin and Clewer 
[loc. eit.) in the mother liquor obtained during the purification of 
their emodin. Crystallised from pyridine it forms dark-red lustrous 
needles, which after drying at 130° melted between 295—297°. 

Rheinolic acid, Ci;H I0 O(i, is a carboxylic acid containing at least 
one hydroxyl group, and when acetylated yields acetylrheinolic acid, 
small orange-coloured needles, melting at 236°, which readily dissolve 
in cold aqueous sodium carbonate. It is evidently an anthraquinone 
derivative, probably structurally related to rhein, and according to 
the above authors may contain a bridged ring. Alkaline solutions 
and concentrated sulphuric acid dissolve it with an intense red 
colour, ahd it is distinguished from rhein by the fact that addition 
of water does not precipitate it from its solution in the latter solvent. 

Alizarin. —The presence of this substance in rhubarb root has 
been demonstrated by Hugo Muller (Chem. Soc. Trans., 1911,96, 
967) who isolated it from the residue which accumulates during the 
preparation of the officinal aqueous extract of rhubarb. This was 
extracted with benzene, and the product thus obtained fractionally 
crystallised from the same solvent. The alizarin in these circum¬ 
stances is much less soluble than the emodin and chrysophanic acid 
which accompany it. The quantity present in the root is apparently 
minute. 

Rumex ecklonianus. 

Rumex ecklonianus (Meisner) is a herb indigenous to South Africa 
which possesses medicinal properties of a mild purgative nature. 
Tutin and Clewer (Chem. Soc. Trans., 1910, 97, 6) examined the 
over-ground portion of the plant, and found it to contain chryso¬ 
phanic add, emodin, emodin mono-methyl ether and hatmpferol. 

Rumex nepalensis. 

According to Hesse, the root of Rumex nepalensis (Wall), does 
not contain chrysophanic acid, but there is present in addition to two 
other substances, one he termed rumidn, which is isomeric with it. 

Rumicin, CuHjoOt, golden-yellow leaflets, melts at 186—188°, and 
is soluble in caustic potash solution with a purple-red coloration.. 
With hydriodic acid it yields chrysophanohydranthrone. 

Nepalin, C^HuO*, orange needles, melts at 136°, is insoluble in 
alkali carbonates, but dissolves in caustic potash, forming a purple 
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solution. Diacetyl-nepalin, C 1T Hi a 0 4 (C 2 H 3 0 )a, crystallises in brown¬ 
ish-red rhombohedra, melting-point 181“. 

Nepodin, the main constituent of the root C l8 H w 0 4 , greenish-yellow 
prisms, melting-point 158°, is distinguished from the preceding com¬ 
pounds by its solubility in solutions of the alkali carbonates. The' 
diacetyl compound forms pale yellow rhombohedra which darken at 
i8e°, and melt with decomposition at 198°. 

Senna Leaves. 

Senna consists of the leaves of various species of cassia which are 
employed in medicine on account of their purgative properties. It 
has been the subject of numerous investigations and was long re¬ 
puted to contain chrysophanic acid. 

According to Tschirch and Hiepe (Arch. Pharm., 1900, 238, 
427), these leaves contain gluco-sennin, a yellow crystalline substance, 
probably a glucoside of emodin, senna-emodin, C u H 19 O s , melting- 
point 223—224°, scnna-iso-emodin, Ci 5 H, 0 O 5 , and senna-chrysophanic 
acid, Cj S H 10 O 4 , which melts at 223—224°. Senna-rhamnetin, yellow 
needles, which does not melt below 260°, and a substance Ci t Hi 0 O( 
are also present. Tutin (Chem, Soc. Trans., 1913, 103, 2006), who 
examined Tinnevelly, Lima and Peru senna leaves, C. angustifolia 
(Vahl), and the Alexandrian senna leaves, C. acutifolia (Delile), could 
not confirm the statements of Tschirch and Hiepe as to the presence 
of senna-iso-emodin or senna-chrysophanic acid. 

The anthraquinone derivatives isolated consisted solely of aloe- 
emodin, Ci 6 H M 0 6 , and rhein, Ci 5 H 8 0 #, and these were present partly in 
the free condition and partly as glucosides. Senna leaves also contain 
kaempferol, C ls H 10 O a (see Delphinium consolida), and a new glucoside 
ofthis substance,^a<jn^/lT/n,C2TH 8( |Oie6HjO, melting-point 185—195°. 
In addition to the above-mentioned compounds, the senna leaves 
from Lima and Peru contained isorhamnetin, C u H la Oj, identical with 
that first isolated by Perkin from' the yellow wallflower (Chem. Soc. 
Trans., 1896, 69, 1658), and this is probably the so-called senna- 
rhamnetin of Tschirch and Hiepe. 

RHAMNUS FRANGU1A. 

The bark of the alder buckthorn, R. frangula (Linn.), a shrub 
widely distributed throughout Europe, is employed in medicine 
chiefly in the form of a fluid extract as a mild purgative. Since the 
beginning of the last century the bark of this plant has been sub¬ 
mitted to repeated examination, but an account of the earliest re- 
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searches need noti be recorded here. Casselmann (Ahnalen, 1857, 
104,77) was the first to analyse its main crystalline constituent which 
he termed frangulin, and this he extracted from the bark by means 
of ammonia. Faust (Annalen, 1872, 165, 229) by the hydrolysis of 
frangulin with hydrochloric acid obtained, in addition to a sugar, a 
substance he termed frangulie acid , and as by the distillation of this 
compound with zinc-dust anthracene was produced he concluded it 
to be a dihydroxy-anthraquinone isomeric with alizarin. 

Liebermann and Waldstein did not prepare frangulin (Ber., 1876, 
1775) but studied the colouring matter obtained from the bark by 
means of caustic soda solution, evidently the same substance as Faust’s 
frangulie acid. This they isolated by sublimation and found to con¬ 
sist of emodin, and suggested that the hydrolysis of frangulin with 
acids might probably be represented by the following equation * 

* C ai H M O 10 + H a O - C l5 H 10 O 5 + CjH la Oj 

Faust (Pharm. Zeitschrift fur Russland, 17, 257), on the other 
hand, considered that Liebermann and Waldstein’s compound was 
not in reality emodin but rather a trihydroxydimethyl or a trihydroxy- 
ethyl-anthraquinone. 

The subject was next studied by Schwabe (Arch. Pharm., 1888, 
26, 259), who devoted special attention to frangulin. To this he 
assigned the formula C al H M O e , and obtained from it by hydrolysis 
emodin and a sugar. This latter, which he did not isolate in a pure 
condition, he regarded as the rhamnodulcite of Liebermann. Finally 
Thorpe and Robinson (Chem. Soc. Trans., 1890, 57, 38) and 
Thorpe and Miller (ibid., 1892, 61, 1) submitted frangulin to detailed 
examination, and showed that, as Schwabe had stated, its correct 
formula is CaiH J# O 0 - When hydrolysed it yields emodin, and 
rhamnese, which was isolated in a crystalline condition, and as a 
result the reaction may be thus expressed;— 


CjiHjoOd + HjO *** CifjHj'Oj -t- CjH’^Oj 

For the preparation of frangulin the crushed bark is first treated 
with ligroin to remove wax and chlorophyll and subsequently extracted 
with alcohol. The extract is evaporated to dryness with sand, the 
powdered product extracted with ether, and after distilling off the 
ether the residue is treated with a little alcohol. On standing the 
solution deposits a mixture of emodin and frangulin together with a 
small quantity of a more sparingly soluble substance, and these can 
be separated by fractional crystallisation from alcohol 
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Fnmgulinis an orange-yellowcrystalline powder sparingly soluble 
in alcohol and melts at about 235°. It is readily susceptible to 
hydrolysis, and this indeed occurs to a slight extent by mere boiling 
with alcohol. 

The sparingly soluble substance which contaminates the crude 
frangulin, the presence of which was also observed by Schwabe, 
crystallises from alcohol in golden-yellow needles, melting at 303— 
303°. It dissolves in sulphuric acid with a red coloration, in dilute 
alkalis with the same tint, and is almost insoluble in ammonia. It 
appears to possess the formula C 16 Hi 0 O 4 , being thus isomeric with 
emodin, though Perkin (Chem. Soc. Trans., 1895, 67, 1084) has 
Suggested its possible identity with the emodin methyl ether ChHjjOj 
of the Ventilago madraspalana and Polygonum cuspidatum, with which 
in melting-point and property it closely agrees. 

Polygonum cuspidatum. 

P. cuspidatum (Sieb. et Zucc.) is common in India, China, and 
Japan, and is referred to by A. Henry in a paper entitled “ Chinese 
Names of Plants ” {Journal Royal China Branch of Royal Asiatic 
Society, 23, New Series, No. 5, 1887) as “Kan-yen, wu-Uu," the 
name employed at Patung for its root, which is said to be used for 
dyeing yellow. 

According to Perkin (Chem. Soc. Trans., r895, 67, 1084) the 
main constituent of this root is a glucoside, polygonin, C 21 HjjO]o, 
forming orange-yellow needles, melting-point 203—203°, which, when 
hydrolysed by acids, gives emodin and a sugar:— 

Q1H20O10 + H.'O zA C, s H]o 0 5 + CjHijOj 

A trace of a second glucoside is also present, from which the 
emodin monomethylether, melting-point 200°, previously found 
to exist in the root-bark of the Ventilago madraspatana (Gaertn.) 
(Chem. Soc. Trans., 1894, 65, 932), was obtained. 

Aloes. 

Aloes consist of an exudation from the leaves of various species 
of aloe, which has been evaporated to dryness. The leaves of 
the aloe plants are fleshy and contain a bitter resinous juice, which 
exudes when they are cut transversely. This is collected and is 
allowed to dry gradually at the ordinary temperature, or. more fre¬ 
quently is boiled until a sample on cooling sets to a solid mass. In 
die former case die product is opaque owing to the presence of 
crystals of aloin, whereas in die latter, these being absent, it is 
vitreous and transparent Aloes are employed medicinally as a 
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purgative and form one of the commonest constituents of pills and 
aperients generally. The chief varieties of aloes are Barbadoes 
aloes, A, arborescens, Socrotine aloes, A. socrotim, and Cape aloes, 
A. ferox, A. arborescens, A. perryi (Baker). Uganda aloes are a 
variety of Cape aloes. Natal aloes are not now found in commerce. 
Finally, Cura^oa aloes are prepared from the A. vulgaris, A, socrotim, 
and A. arborescens, Jafferabad aloes from A. abyssinica. 

Though aloes do not appear to have been employed to any 
extent for dyeing purposes, they give on fabrics mordanted with 
aluminium and iron a nut-brown coloured shade. More useful for 
this purpose in the past were the products of their decomposition 
with nitric acid known as aloetic and chrysaminic acids, substances 
studied by Schunck as far back as 1841 (Annalen, 39, 5). The first 
attempts to apply them to fabrics were made by Boutin in 1840. 
Aloetic^acid dyes unmordanted wool a deep brown colour, and this 
is brightened by a subsequent treatment of the material in a bath of 
stannous chloride, whereas a moss-green shade is said to be obtain¬ 
able by the use of ammonium aloetate. Chrysaminic acid also dyes 
wool brown, and the colour is rendered more permanent by the em¬ 
ployment of aluminium and tin mordants. The literature on aloes 
is exceedingly voluminous, and on this account some part of the 
earlier work on this subject has been omitted. 

Barbaloin. 

Barbaloin was apparently first isolated from Barbadoes aloes 
by Smith (Jahresbericht, 1850, 545), and later investigated by 
Groves {ibid., 1856, 680) and by Stenhouse (Phil. Mag., 1850, 
[iii.], 37, 481), the last-named of whom assigned to it the formula 
C )7 H 18 0 7 . Rochleder and Czumpelik (Jahresbericht, 1863, 598) 
studied the action of alcoholic Hydrochloric acid on aloin, and ob¬ 
tained in this manner a yellow crystalline substance which they 
termed aloetin, and a sugar, results suggesting that aloin was a gluco- 
side. Hlasiwetz (Annalen, 1865, 134, 287) by alkali fusion ob- 
tained orcin, /-oxybenzoic acid, and a substance he termed alorcinic 
acid, and Graebe and Liebermann (Ber., 1868, 1, 103) studied 
the products of its distillation with zinc-dust. These they proved 
to consist of anthracene and methylanthracene, and came to the 
conclusion that not only was aloin derived from one of these 
hydrocarbons, but chrysaminic acid obtained from it by the action 
of nitric acid Ci4H 4 (NOj) 4 (OH)iOj was in reality a tetranitrodi- 
hydroxyanthraquinone. 

Tilden, who examined this subject in some detail (Chem. Soc. 
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Timm., 187*, *5, *04; 1875, *8, 1*75; 1877, 32, 267), assigned 
to barbaloin the formula C la H le C>7, and prepared from it a crystalline 
trichloro derivative and an amorphous acetyl compound. The pro¬ 
ducts of the action of nitric acid were oxalic, picric, aloetic, and 
chrysaffiinic adds, and again it was observed that aloetic acid by 
the further action of nitric add gives chrysaminic acid. Tilden was 
the first to study the oxidation of aloin with chromic acid, and found 
that in this way alotxanthin , Ci S H 10 O s , now known as rhein, is 
produced, this being probably a tetrahydroxymethyl-anthraquinone 
C 14 H 5 Me(OH) 4 Oa. By the action of nitric acid on aloexanthin, 
chrysaminic add was produced, and it appeared likely that Schunck’s 
aloetic add was trinitro-aloexanthin. 

Though Schmidt (Ber., 1875, 8, 1275) adopted Tilden’s formula 
for barbaloin, Groenewald (Arch. Pharm., 1890, 228, 115) 
andLeger (Comptes rend., 1897, 125, 185) proposed for it Ci#@uOr.* 
More recently, however, the latter author (lee. cit.) has considered 
the expression CjiHjoOj as more correct. 

Tschirch and Pedersen (Arch. Pharm., 1898, 236, 200) by sub¬ 
mitting barbaloin to aerial oxidation isolated aloe-emodin Ci 5 H w O s , 
and proposed both for this (1) and for aloin (2) the following con¬ 
stitutions :— 


HO V\CO/\/ 



In these formulas the positions of the hydroxyl groups were, however, 
uncertain. Oesterle (ibid., 1899, 237, 81) somewhat later succeeded 
in preparing aloe-emodin from barbaloin by the prolonged action 
of alcoholic hydrogen chloride, and from this by oxidation with 
chromic add Tilden’s aloe-xanthin (“ rhein ’’) could be obtained. 

Leger in 190a (Comptes rend., 134, rut, 1584) oxidised bar¬ 
baloin with sodium peroxide, and in this way isolated aloe-emodin, 
formic add, and an aldopentose. As, contrary to the statement of 
Rochledet and Crumpelik (lee. cit.), barbaloin is not hydrolysed with 
dilute odds or with alcoholic hydrochloric add (Tschirch and 
Pedersen, be. ctt.), Leger regarded it in the light of these results as 
a new type of stable glucoside, and suggested for it the following 
constitution:— 


6 S 
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A /C0 \A 


OH 


HO 




CH, 


0 —CH(CH. OH),CHO 


CH, 

This aldopentose he at first termed Aloinost (J. Pharm. Chim., 
1904, vi, 2o, 145), and stated that a crystalline osazone can be pre¬ 
pared from it. 


Aschan (ibid., 1903, 241, 341), on the other hand, determined 
the molecular weight of barbaloin by means of boiling acetone and 
obtained results in harmony with the older formula C 1# H 18 0 7 or 
«C w H ; , 07. Jowett and Potter, again (Chem. Soc. Trans., 1905, 87, 
881), adopted the freezing-point method, and employing phenol 
as a solvent, both with barbaloin and tribrombarbaloin, came to the 
same conclusion. When acetylated tribrombarbaloin gave a tetra- 
acetyl derivative, indicating that barbaloin C^H^O, contains four 
hydroxyl groups. Robinson and Simonsen (ibid., 1909, 95, 1085) 
studied the oxidation of acetylbarbaloin with chrotnic acid, and found 
that in this manner an excellent yield of diacetyj-rhein together with 
some acetyl-aloe-emodin can be obtained. Having ascertained the 
general constitution of both aloe-emodin and rhein (see Rhubarb), 
they came to the conclusion, in the light of Jowett and Potter's 
results, that the following formula could be tentatively assigned to 
barbaloin:— 


/ CH \/ V ' 


CO-O-CH, 

CH CH CH CH. OH 

(!h L <!:h in, 

^ c co /^ch/ 

OH oil 


In 1910 Leger (Comptes rend., 130, 983, and ibid., 1695, and 
J. Phaim. Chim., 1911, 4, 241) gave further details for the pre- 
paration of aloinose from barbaloin, and pointed out that this was 
identical with rf-arabinose. In a later paper (ibid., 131, na8) it was 
shown also that the formation of chrysaminic and picric adds from 
aloin by means of n.itric acid is preceded by that of tetra-nitro-aloe- 
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emodin, C W H, 0 5 (N 0 |)„ 2: 4 :'<S trinitro 3 hjdrotybensoic add 
being simultaneously produced. Tetra-nitro rhein, 
C lt HOt(NOj),(OH)iCOOH, 

again, is probably an intermediate product in theformation.of chry- 
saminic acid from tetra-nitro-aloin, and these results are considered 
to harmonise with the glucosoidal nature of the aloins. Dextro- 
arabinose 'attached to the hydroxyl of aloe-emodin in position 1 
constitutes barbaloin, whereas, when attached to the hydroxyl in 
position 8, the product is iso-barbaloin, aloe-emodin itself (see 
Rhubarb) being 


OH 

a 


/ co \ 


OH 


CHjOH 


\co/ 

By heating to 160—165’ for three hours (Leger, Comptes ren<k, 190?, 
145, 1179), barbaloin is partially converted into ah amorphous 
optical isomeride / 3 - barbaloin , which yields a chloro derivative 
C si H m OjC 1 4 , 5H5O, prismatic needles, and a brotilo compound 


CjiH 1( 0(Br 4 . 

By the action of acetic anhydride and sodium acetate at 100—t ro° 
for an hour, barbaloin gives penta-acetyl-barbaloin and penta-acetyl 
f}-barbaloin (ibid., 1914, 158, 1903). On saponification and crystal¬ 
lisation of the product from a mixture of chloroform and methyl 
alcohol, barbaloin is deposited first, whereas / 3 -barbaloin, which can 
be obtained as an amorphous powder, remains in solution. 

By directly chlorinating Cape or Uganda aloes (ibid., 1908, 147, 
806) a compound C U H 4 0 3 C 1 4 , melting-point 268—269°, crystallising 
in colourless needles, and which gives the monoacetyl derivative, 
melting-point 125”, is produced, which is the chloro derivative of 
a new phenol termed a/oesol. By reduction with zinc and acetic 
acid, this is transformed into Mr a ■ hydro-dichlor-aloesol, CuHjOjClj, 
melting-point 275°, the acetyl compound of which melts at 150—151°. 
By the action of nitric acid tctrachloro-aloesol gives oxalic acid and 
tetrachloro-quinone. 

According to Turin and Naunton (Pharm. J., 1914, (4), 37, 836), 
the statement of Tschirch and Pedersen (lot. cit.) that aloe-emodin 
is obtained by passing air through an alkaline solution of barbaloin 
is- incorrect, and this observation would appear to be due to the 
contamination of their aloin with aloe-emodin itself, which indeed 
is frequently associated with it. 

Seel and Kleber (Ber., 1916, 49, 364) determined the molecular 
weight of barbaloin by means of boiling acetone and boiling alcohol. 
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The results obtained were respectively 408 and 440, and appeared to 
confirm the belief of Lager that barbaloin has the formula CuH» 0 ,, 
rather than CjjHuO;, as suggested by Tilden. 

Barbaloin can be readily prepared (Smith, lot, at.) by extracting 
the sloes with two parts of water at 90—95°, and the crystals which 
separate on standing for some days are recrystallised from water and 
finally from alcohoL It crystallises in small yellow prismatic needles 
containing water of crystallisation, and when anhydrous melts at t47°. 
It is optically active, and whereas Leger found in ethyl acetate 
solution [a] 0 - ro'4, Jowett and Potter, who employed alcohol, found 
[a] D m' - 8‘3. Barbaloin is readily soluble in water and alcohol, 
and its alkaline solutions, which are orange coloured, possess a green 
fluorescence. The aqueous solution gives with basic lead acetate a 
deep yellow precipitate. 

• Diqfetyl-barbaloin, Cj 1 H I8 0 # (C2H,0) a (Leger, Comptes rend., 
1897, ras, 187), dibtnzoyl-barbaloin , and tetra-benzoyl-barbaloin (Leger, 
Centralbl., 1903, 834) are amorphous. Tetra-acctyl-barbaloin ?, 
Cj t Hj(On ? (Groenewald, Tilden, Jowett and Potter, he. cit.), yellow 
crystalline powder, melts at 95—96°. Tribrom-barbaloin, CjiH 17 OjBrj, 
crystalline powder (L), C w Hi t 0 7 Brj (Groenewald, Jowett and Potter), 
has melting-point 191—192°, and gives the tetra-acetyl compound 
CnHnO u Br,?, yellow needles, melting-point 235°. 

Titrabrom-barbaloin, CjiH 1# OjBrj, yellow needles, tetrachlorbar. 
baloin, CijHhOjCI,, pcnta-acetyl-tetrachlor-barbaloin, C^HnOjCh- 
(CjHiOJi, leaflets, melting-point 166°, and penta-bcmoyl-tetrachhr. 
barbaloin , C sl HuO(Cl 4 (C 7 H t O)5, yellow granules, have also been de¬ 
scribed (Leger). Barbaloin has been shown to occur in the A. 
socrotina, in Curajoa aloes (Tschirch and Hoffbauer, Arch. Pharm., 
1905, 243, 399), Jafferabad aloes, Uganda aloes (Leger, J. Pharm. 
Chim., 1907, 25, 476), and Leber? aloes. According to Tutin and 
Naunton (Pharm. J., 1914, 4, 37, 836) the main constituent of 
Cunujoa aloes is aloe-emodin. 

Iso-Barbaloin. —This compound, which is present in addition to 
barbaloin in Barbadoes aloes and is more soluble in solvents, possesses 
the formula C^H^O#, crystallises from water with 3H1O, from methyl 
alcohol with 4H1O, and is isomeric with barbaloin. It is readily dis¬ 
tinguished from this latter owing to the fact that with copper sulphate 
and sodium chloride in watery solution (Kiunge’s reaction) it gives 
a vipfcif-nsd coloration (Leger, Comptes rend., *900,131, 55), which 
is deepened on addition of alcohol. It is optically active and ip acetic 
ether solution has [a] D - - 19 4 (Leger, Chem. Ceotrslbj^tt, 1903, 
i, *35). When oxidised with sodium peroxide it gives formic acid, 
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d-arabinost (Leger,' lot. tit), and alot-tmodin, and according to this 
author » a glucoside of this Utter containing the sugar nudeus attached 
to the hydroxyl in position 8. 

Titrachtomso-darialoin, CnHjiOjCl*, yellow needles, is converted 
by the action of sodium peroxide into the same tetfachlor-aloe- 
emodin as that given in this way by tetrachlor-barbaloin. Tetra- 
hnmiso-barbaloin, C 2I H ls 0 8 Br 4 , behaves similarly with production 
of tetrabrom-aloe-emodin (Leger, Comptes rend., 190*, 134, mi). 
Finally, dibtnioyliso-barbaloin, CaHigO^CrHsO)* can be prepared by 
the action of benzoyl chloride in pyridine solution on iso-barbaloin. 

Nataioins. —Nataloin can be isolated (Leger, Comptes rend., 
1899, 128, 1401) by digesting ground Natal aloes with cold acetone 
to remove resin, and then extracting the residue with boiling methylic 
alcohol. On cooling yellow crystals separate, and from these by. 
fractional crystallisation from alcohol, nataloin can be separated froth 
the less soluble homonataloin. 

Nataloin forms pale yellow scales, soluble in alkaline solutions 
and ammonia, sparingly soluble in water and ether, but more Teadily 
so in ethyl acetate. It readily dissolves in concentrated hydrobromic 
and hydrochloric acids. Homonataloin crystallises in yellow laminae, 
and both this and nataloin are distinguished from barbaloin by the lact 
that with sulphuric acid and either manganese dioxide or potassium 
bichromate, a green coloured liquid is produced, whereas with sodium 
carbonate and ammonium persulphate the solution of these aloins de¬ 
velops a violet tint. Homonataloin and nataloin are not isomeric as 
is the case with barbaloin and iso-barbaloin, and to these at first 
Leger assigned the respective formulae C 15 H 1# 0 7 and CitHu 0 7 . 

Tschirch and Klaveness (Arch. Pharm., 1901, 239, 231) could 
not prepare homonataloin from these aloes, but considered the formula 
OMeC^HijOfOHJj applicable to nataloin. The yellow amorphous 
penta-acetyl derivative melts at 123—126° and the penta-benzoyl 
derivative at 168°. By the action of nitric acid, nataloin gives picric 
and oxalic acids. 

When nataloin or homonataloin are treated with sodium per¬ 
oxide (Leger, Comptes rend., 1902, 134, xiu), nutkylnat-alee- 
modin (a dihydroxy methoxymethyl-anthraquinorie, CuH u Oj), 
orange-yellow needles, melting-point 238° is produced, and this is 
soluble in alkalis with an orange, and in sulphuric acid with a violet 
coloration. Optically active pentoses are simultaneously obtained. 

Both nataloin and homonataloin are optically active, the former 
having in ethyl acetate solution [«]* - 1077, and the latter [a} D 
'*» iia '<5 (Leger, 190*, 134,1584), and as a result of these obeer- 

69 



THE NATURAL OkGAtoC COLOURING'MATTERS 

nations, it was now suggested by this author that the probable formula 
of these compounds are respectively C»H m Oio and C M H M (V In 
a later paper, Leger (J. Pharm. Chim., 1903, vii., 17, 13) finally 
adopted the formula Cj|H M Oio for nataloin, and described its amor¬ 
phous tetra-benzoyl and hexa-benzoyl compounds. Methylnatal 
emodin on distillation with zinc-dust gives methylanthracene, and 
at 170”, with hydrochloric acid, natalemodin. The latter consists of 
long orange-yellow needles melting at 320-5”, which dissolve in sul¬ 
phuric acid with a red and in caustic soda solution with a violet 
coloration. Homonataloin (Comptes rend., 1912, 155, 172) yields 
on hydrolysis a rf-arabinose, and nataloin in this way gives apparently 
the same sugar. 

Leger in 1914 (Comptes rend., 158, 185) assigned the following 
constitution to homonataloin:— 


prr p/-\ CH 

HO.C^ V \/V 


C. OCH,(CH. OH),CHO 


HO. CH 




!C. CH». OMe 


and considered that nataloin may be similarly represented if the 
CH,OH group in the above formula is replaced by CH a CH s OH. 

When homonataloin and nataloin are heated with acetic anhydride 
for one hour at 105—110°, three isomeric penta-acetyl derivatives / 3 , y, 
and 8 are obtained together (ibid., 1189). fi-penta-acetyl-homomta- 
loin melts at 247°, and is inactive, whereas the y-derivative melts at 
199—300° and has [a]„ - 54-2°. The 8 compound is amorphous. 
p-penta-aatyl-nataloin , melting-point 345°, is also inactive, the y com¬ 
pound, melting-point 198°, has [«]„ - 53°, and the 8 derivative [a] 0 
- S 6 t°. 

From t these on hydrolysis / 3 , y, and 8 aloins are obtained, and 
each compound on reacetylation at 105—no’ yields again a mixture 
of these three isomeric acetyl compounds. 


Goa Powder. 

Goa powder, also known as araroba or crude chrysarobin, is a 
substance found in the trunk of the Andira araroba, a tree growing 
in Bahia, Brazil. It is' scraped out of the cavities, and consists of 
an umber-brown powder, usually admixed with woody fragments, 
from which it is-freed by sifting. It is employed in medicine in the 
form of an ointment for parasitic affections of the skin. 


jo 



THE ANTHRAQVWONB GROUP , 

Goa powder was first examiaedin 1875 by Attfieid (Pharm. 
(in), 5, 721), who considered it to consist largely of chrysophanic 
acid. 

Liebermann and Seidler (Ber., it, 1603) also detected the pre¬ 
sence of chrysophanic acid in this drug, but showed that the main 
constituent is chrysarobin CjoH m O t , from which chrysophanic acid 
can Jbe obtained by oxidation. Hesse (Annalen, 1899, 309, 3a) as 
the result of his examination considered that chrysophanic acid is 
not present in Goa powder, but that the latter consists of two parts of 
chrysarobin C 15 Hi,O s and one part of chrysarobin methyl ether.. 
Chrysarobin he found to be isomeric with chrysophan-hydranthrone, 
into which it was converted by the action of hydrochloric or hydriodic 
acids, but on acetylating this latter the reverse change takes place, 
triacetyl-chrysarobin being formed. Jowett and Potter (Chem. Soc. 
Trans., 1902, 81, 1575) considered, however, that chrysarobin anjJ 
the chrysophan-hydranthrone of Liebermann and Seidler are idSntical, 
and that moreover the other constituents of Goa powder were di- 
chrysarobin CjjHjjOj, dichrysarobin methyl ether C3oH 2 ,OtCH„ and 
a substance C^HnO,. For dichrysarobin which yielded the same 
oxidation and reduction products as chrysarobin, the following con¬ 
stitution was suggested by these authors:— 


.C.OH. .C.OH. 

C,H s (OH),< >C,H 8 CH, C,H,(OH)< >C,H,CH, 
x CH x x CH / 


Oesterle and Johann in 1910 (Arch. Pharm., 248, 476) obtained 
emodin methyl ether from chrysarobin, and suggested that the di¬ 
chrysarobin of Jowett and Potter was not a pure compound. 

Finally, Tutin and Clewer (Chem. Soc. Trans., 1912, 101, 290), 
by a very exhaustive examination of Goa powder, have determined 
the exact nature of the substances it contains. According to these 
authors, the commercial product is somewhat variable as to the re¬ 
lative proportion of the substances present, some samples being 
devoid of certain constituents which are present in others. Those 
invariably present, however, are chrysophanic acid, emodin methyl ether, 
the anthranols of these compounds, and the methyl ether of dehydro- 
emodinanthranoi, C, a H u 0 4 . One sample,, again, contained free 
emodin, and in two others a new compound, ararobinol, Cj,H 18 0 „ 
was found to exist, The chrysarobin of Jowett and Potter was a 
mixture of cbrysopbanol-anthranol and emodinanthranoi, and their 
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dichrysarobin, of chrysophanol-anthranol and the monomethyl etber 
of dehydroemodinanthranol. 

Ararobinol, C U H I# 0 S1 crystallises in yellow flattened crystals which 
decompose about ss$°, and possess no definite melting-point. It is 
insoluble in 1*5 per cent, aqueous potassium hydroxide, but dissolves 
in a 10 per cent, solution of the alkali to form a yellow liquid. Very 
characteristic is its reaction with sulphuric acid with which it at first 
acquires an orange colour. On shaking, the liquid gradually becomes 
blue and this subsequently passes through green, to a dull grey tint 
■ -Oxidised with chromic acid,’ ararobinol gives chrysophanol, and 
when reduced with hydriodic acid 1 iihydro-ararobinol, C S |H 1S 0 5 , 
greenish-yellow plates, is produced. Triacetyl-ararobinol, 
CjjH 1J 0 5 (C|HjO)j, 

nearly colourless flattened prisms, decomposes at 395°. 
r ' Dekydro-cmodinanthranol monomethyl ether , CuHjjO,, forms pale 
yellow needles, which melt and decompose at 265°. It oxidises with 
greater difficulty than the anthranols, and probably differs from the 
monomethyl ether of emodin-anthranol by two atoms of hydrogen. 
Its constitution, according to Tutin and Clewer, can be represented 
as follows:— 


HO. C,H,/ ^ YpC e HMe(OMe)OH 


Hydriodic acid converts it into emodin-anthranol, melting-point 
355 0 , and by oxidation with chromic acid,-emodin monomethyl ether 
is produced. 


Alkanbt. 


The Arabic name Al-henneh, modified to alkanna or al-heima, 
was originally applied to the lythraceous 9hrub Lawsonia alba 
(Lam.), the root of which was described as Radix Alkanna vera, 
in contradistinction to the root of our alkanna, which is Anchusa 
tinctoria (Lam.), and which'became known as Radix Alkanna spuria 
tinctoria. The latter, or False alianet, is also .known as Oreanette, 
Fr.; Orkanet, Ger.; Languedoc bugloss or dyers’ bugloss, Radix 
Alkanna spuria. A rough plant with downy spear-shaped leaves, 
and clusters of purplish or reddish flowers; belongs to the Boragi- 
name, Found in Asia Minor, Greece, Hungary, etc. , The roots, 
which have an astringent taste, occur in commerce, varying" from the 
thickness Of a quill to that of a finger. 

Alkanet is one of the more ancient dyestuffs, having been 
employed by the Romans, but, on the other hand, it does not appear 
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atany time to hare attained such importance as taadder, indigo, or 
even turmeric, tire colouring matter of alkanet, known as anthwin 
ix alkanmn, has been examined by several chemists, but it is doubt¬ 
ful whether this compound has as yet been obtained in a chemically 
pure condition. Its composition is variously given as Ci?H m O« 
(Pelletier, Annalen, 6, *7), Cj S H«Oj {Bolley and Wydlets, Annalen, 

, Gt, 41), C 1 s H u 0 4 (Camelutti and Nasini, Ber., 13, 1514), and 
C»H,A or CuH ls 0 4 (Liebermann and Rdmer, Ber., so, 3418). 

Alkannin forms & dark red amorphous powder possessing a beetle- 
green iridescence, is readilysotuble in most of the usual solvents, and 
its alkaline solution is deep blue coloured. On distillation with zinc- 
dust it gives, according to Liebermann and ROmer, both methyl 
anthracene and anthracene. 

Diacetylalkannin, forms a dull yellow micro- 

crystalline powder (C. and N.). m 

According to Eriksson (Ber. Deut. pharm. Ges., 1910, So, 303), 
alkannin consists of two red pigments, the one being coloured green 
and the other blue by the action of alkalis. Red crystals have been 
observed by Tschirch in spaces in the cortex of old specimens of 
alkanet root. As alkannin is insoluble in water, in dyeing with 
alkanet an alcoholic extract is usually employed ;.and with aluminium 
and iron mordanted fabrics, violet and grey shades are respectively 
produced. These colours, however, are not fast to light, and are 
somewhat readily affected by weak alkalis or acids. 

Haussmann of Mulhouse introduced alkanet into calico-printing, 
and for a short time it appears to have played a quite important part, 
but it is now little if at all employed in Europe for ordinaty dyeing 
purposes. It is still used for colouring artificial wines, pomades, 
hah-oils, sweets, etc., and for these purposes it is well adapted on 
account of its ready solubility and harmless nature. 

Bettger (J. f. prakt. Chem., 107, 146) and Eng (Jahres., 70, 93s) 
recommend the use of papers stained by alkanet as indicators in 
alkalimetry. 

According to Jolin (Chem. Schriften fiber Alkanna, iv,, 84), 
Thomson'(Pharm. J., [3], 16, 860), and Eriksson (lot. (it.), alkanet 
root contains from 5—6 per cent of anchusin. 

ONOSMA ECHOIDS3. 

* V,’ 

Qndtm etkoidts is a biennial plant frequent throughout the 
Western.Himalaya from Kashmir to Kumaon. It is widely dis¬ 
tributed from Siberia and Carbut to France (Watt’s “Dictionary 
•of Economic Products of India,” 1891, 5, 487). The root*- are 
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violet coloured and yield a dye which is readily extracted by alcohol, 
giving a red solution, but this is very sparingly soluble in water. 
In various districts of India it is employed for dyeing wool, and on 
account of its solubility in oils and fats, to which it imparts a red 
colour, is also used as a substitute for alkanet. According to Watt 
(lot. (it) the bruised root is employed medicinally as also are the 
leaves and flowers of this plant. 

The general properties and colour reactions of the dye present in 
the root are very similar to those given by alkanet, and there can be 
little doubt that it contains either the same or closely allied colouring 
matters (Perkin, private communication). 

VsatTiLAGO madraspatana (Gaertn.) 
is a large climbing shrub belonging to the order Rhamnacea, the 
rojt-bark of which furnishes a dyestuff much valued in Southern 
India. Tt is very common in the Western Peninsula from the Konkan 
southwards, as well as in Ceylon and Burma, and, according to 
Lostard, it is collected in Mysore at certain periods of the year and 
exported to other districts of India. 

The following are a few of its vernacular names: pitti (Hindi ); 
raktapita (Bengali) ; pappili-chakka, surralpattai (Tamil) \ popli- 
chukai (Kan) ; lokandi, kanwail (Bomb). 

The root-bark appears as dark purplish-brown scales, ribbons,-or 
filaments, the dust from which, when it is ground to powder, irritates 
the throat in a marked manner. When treated with boiling water or 
alcohol it gives a red solution, which on addition of caustic alkali, 
changes to a deep crimson. 

Perkin and Hummel (Chem. Soc. Trans., 1894, 65, 923), who 
examined this dyestuff, extracted the root-bark with carbon disulphide, 
and obtained in this manner a resinous colouring matter, ventilagin, 
together with the crystalline non-tinctorial substances described 
below. 

Ventilagin, Ci 5 H w O # , consists of a reddish-brown brittle resin 
which, when distilled with zinc-dust, gives a-methyl anthracene, and 
when treated with zinc-dust in alkaline solution behaves as a deriva¬ 
tive of methyl anthraquinone. Dilute alkalis dissolve it with a purple- 
violet coloration, and the corresponding salts are obtained as violet 
precipitates on adding sodium or potassium chlorides to these solu¬ 
tions. According to Perkin and Hummel, ventilagin is possibly 
allied to alkannin C u H lt O t , the colouring matter of alkanet, Anehusa 
tinctoria (Lam.), and may differ from this merely by the possession 
of two additional hydroxyl groups. 
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Emodin monomethyl ether, Ci,H u 0 5l melting-point joo°, consists 
of orange-red needles, and is identical with that subsequently isolated 
from the root of the Polygonum cuspiiatum (Sieb. and Zucc.) (Perkin; 
Chem. Soc. Trans., 1895, 67, 1084). A similar, if not identical, 
substance was isolated by Schwabe (Arch. Pharm., 1888, a6, 369), 
and by Thorpe and Miller (Chem. Soc. Trans., 189a, 64, 6) from 
the bark of the Rhamnus frangula (Linn.), and it is also present in 
rhubarb and the Rurnex ecklonianus ( loc. cit.) and Goa powder. 

Trihyiroxy-a-methyl anthranol-monomethyl ether (A), CkH m 0 4 , 
colourless needles, decomposes about a6o° before melting, and is 
soluble in alkaline solutions with a yellpwish-brown coloration. 
On gentle oxidation with chromic acid it is converted into emodin 
methyl ether, melting-point aoo° (loc. cit.), and the same reaction 
takes place when its alkaline solution is oxidised with hydrogen per¬ 
oxide. It closely resembles the dehydro-emodin anthianol mong- 
methyl ether, subsequently isolated from Goa powder by Tufin and 
Clewer (Chem. Soc. Trans., 1912, 101, 290). 

Trihyiroxy-a-methyl anthranol-monomethyl ether (B), Ci«H 14 0 4 , 
pale yellow needles, melting-point 173“, when oxidised with chromic 
acid is also converted into the emodin methyl ether, melting-point 
200°. As two methyl anthranols are capable of existence, the iso¬ 
merism of these compounds may possibly be thus explained:— 



Substance C ls H s O g , orange-red crystalline powder, melting-point 
175—280°, is soluble in alkaline solutions with an orange-red colora¬ 
tion, and when heated with zinc-dust gives a hydrocarbon which 
resembles a-methyl anthracene. - 

Substance C l7 H u O s ? is a chocolate, crystalline-powder, soluble 
in dilute alkali with a yellow coloration, and this solution, on ex¬ 
posure to air, deposits a blue amorphous precipitate. 

Dyeing Properties. —On striped printed calico'the root-bark gives 
with alumina mordant a claret-red, not unlike that of alizarin bor- 
deaux; with iron mordant a greyish-lilac, which in strong colours 
approaches a black; and with a mixture of the two a very purplish 
dark chocolate; The colours are moderately fast to soap, although 
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considerably behind the alizarin cobun in this reipect Ob oil-pre¬ 
pared calico ventilago gives with alumina mordant a rich claret brown, 
with chromium mordant a very black purple, and with iron mordant 
a good purplish-blade shade. On wool chromium mordant gives a 
good purplish-brown, alumina a bordeaux red, tin a brighter red 
simtiar to an alizarin red with alumina mordant, and iron mordant 
gives dark dull purple and black. On silk similar colours are pro¬ 
duced. No difficulty is experienced in dyeing with ventilago, and 
no additions to the dye-bath are necessary, except in the case of 
wool, with which it is desirable to add calcium- acetate in order to 
correct the strong acidity of the mordanted fibre. Owing to the 
slight solubility of the colouring matter in water, the dyeing does not 
commence until the temperature reaches 70—80°. The root-bark 
appears to contain from 8—to per cent, of ventilagin. 


Cochineal. 

This important natural dyestuff, which, in its native country, 
Mexico, was used as a dye and cultivated by artificial means at a 
remote period of history, was for a long time considered to be of 
vegetable origin. Cochineal, however, consists of the dried body 
of an insect, the Coccus cacti, which lives upon a species of cactus 
(the Ntpalta coccinellifera (S.-Dyck) or Nopal), a plant which is 
found in the wild condition, but which, for the sake of the insect, is 
cultivated in gardens which are termed Nopa/eries. The collection 
of the insects takes place before the commencement of the rainy 
season, and they are then brushed either into straw baskets or into 
basins of tinned iron, A number of insects are left upon each plant, 
and a new generation is produced, which is again gathered at a 
suitable period. The insects are killed by immersion in boiling 
water, or are enclosed in a linen bag and placed in an oven; by the 
latter process the peculiar white down covering the insect is pre¬ 
served, but in the former case is lost. 

In Mexico and Central America two varieties of cochineal are 
known—the home-grown, or fine cochineal {gram .r fine), and the 
wild, or forest cochineal {gratia silvestra). The former is more 
valuable, than the latter, and is richer in colouring matter. Since 
1830 the cultivation of cochineal was introduced into Spain and (be 
Canary Islands, Algeria, and Java, but the most productive of these 
newer plantations were those of Java. Since the discovery of the 
coal-tar colours, the consumption of cochineal as a dye-stuff has 
gradually decreased, and at the present time it is only employed in a 
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minor degree. According to Ltaberaann, cochineal contains about 

to per cent of colouring matter (Ber., 18,19). ' 

Carminic add, the colouring natter of cochineal, was first isolated 
by Pelletier and Caventou (Ann. Chim. Phys., (1), 8, 950), and was 
subsequently examined by Pieisser (Annalen, 53, 37$; }. Fharm. 
Chim., (3), 5, 191) and Arppe (Annalen, 55, rot); but Warren 
de lp Rue (ibid., 64, 1) was the first to isolate this substance in a 
pure condition, and described it as a purple-brown mass, which, on 
grinding, yields a bright-red powder, easily soluble in water and 
alcohol, but not in ether. The mean of his analyses gave S4'i3 per 
cent of carbon, 4-63 per cent, of hydrogen, and 4rss per cent, of 
oxygen (by difference), and from these figures he deduced the formula 
Ci,H 7 0 8 or (CuHjO,)*. 

Schiitzenberger (Ann. Chim. Phys., (3), 54, 52), on the other 
hand, was the first chemist who succeeded in obtaining carminic acjd 
in a crystalline condition. He precipitated the colouring ^natter, 
from an aqueous cochineal extract, in the form of its lead compound, 
suspended this in water, and decomposed it with sulphuretted hydro¬ 
gen. The carminic acid thus liberated dissolved in the water and was 
recovered from this solution by evaporation at a low temperature. 
The product, dissolved in alcohol, was treated with ether to pre¬ 
cipitate certain impurities, and the liquid partially evaporated, when, 
on cooling, a crystalline mass was obtained, which Schiitzenberger 
considered to consist of two substances, carminic acid, C 8 H s O}, and 
oxycarminic acid, QHgO ( , the latter being distinguished by its solu¬ 
bility in ether. 

Schaller (J., 1864, 410), who prepared carminic acid by the 
same method, assigned to it, however, the formula C 8 H 8 0 4 . 

The work of Hlasiwetz and Grabowski (Annalen, 141, 339) 
indicated that carminic acid was a glucoside which could be decom¬ 
posed into a sugar and a new colouring matter, carmine red :— 
C n H, 8 0 1( j 4 - 2 HjO — CnHijOj 4 - C,Hi 4 0 4 
Carminic acid. Carmine red. Sugar, 
but according to Liebermann (Ber., 18, 1969; Will and Leymann, 
ibid., t8, 318; and Von Miller and Rohde, ibid., 2$, 3647), this is 
incorrect. 

Coednin, according to Hlasiwetz and Grabowski, is produced 
wben carrainic add is fused with caustic potash, 'ft crystallises from 
alcohol in straw-yellow needles or leaflets, dissolves in alkalis with a 
yellow colour, which, by air oxidation, develops first a green, then 
violet, and, finally, a purple tint. Hie analyses of this substance 
were in agreement with the formula CuHuO,. 
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Rufimcin.— By heating carminie acid with sulphuric acid to 130— 
140" G, Liebermann and van Dorp (Annalen, 163,105) obtained 
a new colouring matter ruficoccin, C lfl H 10 O e , and this consisted of 
a bright-red powder, sparingly soluble in hot water and ether, with 
a greenish-yellow fluorescence. On distillation with zinc-dust, it 
yielded a colourless crystalline hydrocarbon, C 1# H 1S , melting-point 
183—188 0 G, from which, by oxidation, a quinone melting at 250° C. 
could be produced. 

Fiirth, somewhat later (Ber., 16, 2169), prepared the same 
hydrocarbon by the distillation of both cochineal carmine and coc- 
cinin with zinc-dust. 

Ruficarmine, C M H]jOj, can be obtained, according to Liebermann 
and van Dorp, by heating carminie acid with water in a sealed tube at 
200° C. It consists of a carmine-red powder, easily soluble in alcohol. 
^ In view of the uncertainty existing as to the percentage composi¬ 
tion of carminie acid, Schunck and Marschlewski (Ber., 27, 2980) 
submitted this substance to an elaborate process of purification, and, 
using in their operations as low a temperature as possible, obtained 
a product which crystallised from alcohol in red prismatic needles. 
Their analyses agreed closely with that required by the formula 
ChHijOj, and the percentage composition approximately with the 
figures given by Warren de la Rue, and also by Schiitzenberger. 

On the other hand, analyses by Miller and Rohde (Ber., 30, 
1762) pointed to the formula CuH u O r or (C la H u 0 7 )j, but accord¬ 
ing to the more recent work of Liebermann, Hftring and Wieder- 
mann (Ber., 1900, 33, 149), it now appears that the correct formula 
for carminie acid is CjjHjjOj,. 

The most simple method of purification of carminie acid is that 
devised by Miller and Rohde. A solution of the crude colouring 
matter in five times its weight of water is diluted with four times its 
volume of acetic acid. The filtered liquid, on standing over sul¬ 
phuric acid, gradually deposits the carminie acid in a crystalline 
condition. 

Carminie acid crystallises in red prisms, easily soluble in water 
and alcohol, with a purple-red colour. It possesses no melting- 
point, but darkens at 130°, and at 250° becomes quite black. 

By the action of alcoholic potassium acetate, carminie acid 
(Perkin and Wilson, Chem. Soc. Trans., 1903, 83, 139) yields two 
potassium salts, viz. 

Monopetassium carminate , CjjH sl O u K, which is red coloured; and 

Dipatatsium carminate, C„H»OijKj, soluble in water with a 
violet-red coloration. 
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HtxabtntcyUaminit add, QuHtfO^CrHjO)* obtained by di¬ 
gesting canninic acid with benzoyl chloride (Liebermann, HOring 
and Wiedermann), is an orange-coloured powder, easily soluble in 
benzene. 

Octacetylcaminic and, C„H u Ois(CjHjO) 8 , crystallises in golden- 
yellow needles, melting-point 155—165°, and is .readily prepared by 
the,action of acetic anhydride in presence of zinc chloride or sul¬ 
phuric acid on carminic acid (Miller and Rohde). 

The Constitution or Carminic Acid. - 


Nitrococcussic acid was obtained by W. de la Rue from carminic 
acid by the prolonged action of boiling nitric acid. It was subse¬ 
quently studied by v. Kostanecki and Niementowski (Ber., 18, 
250), and was found to be identical with the trinitrocresotinic acid, 
of the following constitution:— 

CH, 

NOjf^NO, 

OH^COOH 

NO, 

When carminic acid dissolved in 50 per cent, acetic acid is 
treated with an excess of bromine, and the solution digested at the 
boiling heat, two substances, known as a- and / 3 -bromcarmines, are 
produced (Will and Leymann, Ber., 18, 3180). 

a-Bromcarmint, C w H,Br 4 O a , the more sparingly soluble substance, 
crystallises in colourless needles, and melts at 247—248“, with decom¬ 
position. When oxidised with potassium permanganate in alkaline 
solution, it gives dibrmmethylhydroxyaldthydrobemoic acid— 



and dibrmmethylhydroxyphthalic anhydride — 

CH, 

Br/\-CO\ 

OHk^j—CO/ 0 

Br 

©n treatment with hot caustic soda solution, a-bromcarmine yields, 
in addition to a purple-red colouring matter, dibrommethylhydroxy- 
phthalic acid, and brmoform (Miller and Rohde). As a result of 
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this reaction, these authors assigned to a-bromcatmine the constitu¬ 
tion of a mtkylhydroxytetrabromdiketohydrindint — 

CH, 

BrA-CO\ c 
ohI]— co/ CBr| 

Br 

for.Zjncke (Ber,, jo, 3227; at, 2388) had previously shown that 
dibromdiketohydrindene itself 6 — 



utider similar treatment yields both phthalic acid and bromoform. 

fi-Bromcarmine, C n H s Br, 0 „ is obtained as a yellow amorphous 
porfder r easily soluble in alcohol (Will and.Leymann), and is best 
purified by means of its potassium salt. Crystallised from acetone, 
it separates in orange needles, melting at 232° (Will and Leymann) 
or *88° (Miller and Rohde). By the action of bromine in the pres¬ 
ence of 50 per cent, acetic acid solution, it is converted into a- 
bromcarmine. As a result of their investigation, Miller and Rohde 
ascribed to / 3 -bromcarmine the constitution of a methyldihydroxytri- 
hrom-a-nafhthaquinonit possessing one of the following formulae:— 


CH, 0 CH, 0 



Br 0 Br 0 


This suggestion was supported by the fact that bromoxynaphtha- 
quinone (1), on treatment with bromine and caustic soda solution, 
is converted into dibromdiketohydrindene (2) (Zincke, lac. at .)— 

' 0 



Additional support for this view was obtained by a study of the 
behaviour of ^-bromcarmine with zinc-dust in alcoholic solution. 
Thus the acetyl compound of the reduction product, melting-point 
ao6\ gave, on analysis, numbers agreeing with those of the acetyl 
derivative of a mtkyldibrQindihydroxynaphthakydroqvim*e, possess¬ 
ing the following formula:— 
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CH, OH 

Br/V’NoH 


Br OH 

From a consideration of the points above enumerated, Miller and 
Roh^e considered that the constitution of carminic acid could be 
represented by one or other of the following expressions:— 

CH, O ' CH, 0 


O o 

' As, however, such formula: Tequire C - 647 per cent., H - 
3-9! per cent., figures which are much higher than those given bjr 
the analysis of carminic acid itself, these authors suggested th(?addi¬ 
tion of two molecules of water of hydration, as shown below:— 

OH OH 
CH,\/ 


/\ 

OH OH 

A substance of this constitution would require C «* 55 per cent., 
and H »■ 5 per cent. 

Somewhat later, Liebermann and Voswinkal (Ber., 30, 688) 
studied the oxidation of carminic acid with alkaline potassium per¬ 
manganate at the ordinary temperature, and in this way succeeded 
in producing two important acids. 

Cochtnillic acid, C w H 8 Or, crystallises in colourless needles, which 
melt at aa4—325° with evolution of CO2. It is tribasic, and at a6o° 
is converted into hydroxymethyl'phthalic anhydride (1). When heated 
with water in a sealed tube at 210° it yields symmetrical cresotinic 
acid (a)— 

CH, 

(l) ohU^o> 
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and in the#sarae manner at a lower temperature, 170°, gives 
a-coccmit acid or m-kydrotryuviiic acid (3). The constitution of coch- 
enillic acid is therefore as follows 


OH! 


CH, 

/V-COOH 

l^J-COOH 

COOH 


a-Coccinic acid , C # H 8 0 5 , the second product of the oxidation, 
which, as already indicated, can also be prepared from cochenillic 
acid, proved to be identical with the hydroxyuvitinic acid of Oppen- 
heim and Pfaff (Ber., 7, 929). It consists of colourless needles, 
melting-point 239°. 

Liebermann (ibid,, 30, 1731), whilst agreeing with the diketohy- 
Snndlne constitution which had been assigned to a-bromcarmine by 
Miller and Rohde, considered that /J-bromcarmine was an indone 
rather than a naphthoquinone derivative, and could be better repre¬ 
sented as follows:— 

CHj 

b/Y > 

OhI J 

Y n ch / 

I I 

CO- 0 


It was probable, indeed, that carminic acid itself was a hydrindene 
or bishydrindene derivative, and the following constitutions were at 
the time suggested for it 


or 


CH, CHOH 

(''YVhOH 

“VJ 


COOH CHOH 
CH, CHOH 


CHOH CH, 



In a subsequent paper, however, Liebermann and Voswinkel 
(Ber., 37, 3344} consider that carminic add is possibly a tetra- 
hydrate tf a.-dmetkyldikydroxynaphthacnuqmiu)it«dicarbo^tlic add— 
8 a 
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CH,^ - (0 C H) *COOH 

r'V Xch/ VS 


^UxchAxc/U 01 * 

^ (OH,) CH, 


COOH 


and it was observed that the dimethyltetrahydroxynaphthacene- 
quinone— OH 

ohUvAco 

OH 

prepared by these authors not only possessed weak tinctorial property 
of a cochineal-like character, but in several respects closely resembled 
carminic acid itself. 

Rohde and Dorfmuller (Ber., 19x0, 33, 1363) further examined 
/3-bromo-carmine, and obtained results which support the naphtho¬ 
quinone constitution assigned to it by Miller and Rohde (loc. (it.), 
but disprove Liebermann’s contention that it is a derivative of indone. 
By reduction with zinc-dust and acetic arid and subsequent acetyla¬ 
tion, / 3 -bromo-carmine gives the compound Ci7H 14 0jBr, 



CH, O.COCH, 


Br n / yS 

CH,CO. o-j^ JJ 
Br O.i 


.COCH, 


colourless needles, melting-point zo8° C. 

Simultaneous hydrolysis and oxidation converts this into the 
substance 



orange prisms, melting-point aj8° C.; and it thus appears that 
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by the latter treatment an hydroxyl has entered the quinone 
nucleus. The diacetyl derivative melts at *33° C. When distilled 
with zinc-dust, this product, and also /J-bromo-carmine itself, give 
naphthalene. 

A valuable contribution to the subject was made by Dimroth 
(Ber., 1909, 42, 1611), who studied the oxidation of carminic acid 
with potassium permanganate at 0° in presence of sulphuric acid. 
The solution thus obtained gave nothing to ether, but on heating for 
three-quarters of an hour at 90°, it evolved carbon dioxide, and ether 
then extracted carminazarin. 

Carminazarin crystallises from water in garnet-red needles, de¬ 
composing at 140—250°. It possesses the constitution (1), and is 
very similar to wnaphthazarin (2)—• 

» 

* .. 

(0 


CH, O 0 



Its alkaline solution when treated with a stream of oxygen, is 
quickly decolorised with formation of 5 : ( \-dicarbaxy-4-hydroxy-o - 
tolylgiyoxylic acid — 

CH, 

/\_CO—COOH 
OHl^J_COOH ’ ’ 

COOH 


A further point of resemblance of carminazarine to wenaphthaza- 
rine is shown by its behaviour with nitric acid in glacial acetic acid, 
for whereas .the latter gives tetraketotetrahydronapthalene, the former 
yields the analogous Carminazarinquinonc crystallising in colourless 
prisms— 

CH, 0 


1 aH ,0 



arM which, when heated with water or acetic acid, passes back to 
carminazarin. 

The intermediate product formed by the oxidation of carminic 
add with permanganate at 0° insoluble in ether, and which, on 
heating, is'transformed into carminazarin, is termed by Dimroth 
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caminoquinonc. The constitutions assigned to this substance (i) 
and tentatively to canninic acid (») ate given below 


CH, 0 


(0 



OH' 
COOHO 




( J ) 


CH, 0 

Oh(Q(^Ih 16 Ot 

COOHO 


Carminic acid was, therefore, not a symmetrical compound, and 
the nature of the group CioH 1s Ot was not then determined. At the 
time, Dimroth considered that the coccinin (see above) of Hlasiwetz 
and Grabowski, and which is prepared by fusing carminic acid with 
potassium hydrate, had probably the constitution of a tetrahydroxy- 
methylnaphthalenc — 



Later, Dimroth (Annalen, 1913, 399, 1) re-examined this product 
in detail, preparing it by fusing carminic acid with caustic potash at 
170—200° C. To it he gave the formula CirH u Oj, and described 
the pale yellow crystalline tetra-acetyl derivative, Ci7H w O s (CH,CO)«, 
melting-point 242—244 0 C. 

When coccinin was oxidised by means of air, or oxygen, in 
alkaline solution (6 per cent. NaOH), the colour changes above 
described occurred, and when the pure violet colour had been ob¬ 
tained, acidification with hydrochloric acid yielded a substance 
ecainone, C 17 H 12 O r , which forms dark brown glistening crystals and 
decomposes at 250° C.; it yields a tri-acetyl derivative , 
C 1T H» 0 7 (CH ! C 0 ) l , 

orange-red crystals, melting-point aro“ C-, and also,forms three 
different barium salts (one of which has a composition analogous 
to the sodium hydrogen salt of 2 : 6-dihydroxy-8-methyl-«-naphtho- 
quinone-3 :5-dicarboxylic acid). Cocdnone is reconverted into 
coccinin-by reduction with zinc-dust and ammonia; on the other 
hand, alkaline oxidation by means of hydrogen peroxide below 
20° C. gives rise to two products, (i) cochenillic acid, and (ii) an 
unexamined add. 

Dimroth now formed the opinion that coccinin and cocdnone are 
derivatives of anthianol and anthraquinone ■ respectively, and the 
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position of one of the hydroxy, methyl, and carboxyl groups In 
coccinone is made clear by the production from it of cochenillic 
acid To coccinone Dimroth ascribes the structure— 

0 CH, 


C«HMe(OH) a 


0 COOH 

and to cocdnin either the structure— 

OH CH, 

i I or < 

. /VV\ / 

CJHM«(OH)j | f J_ 0H C,HMe(OH)j 


OH COOH 


H COOH H CH, 

When heated with water at 200°—or dilute sulphuric acid at 
170° C.—coccinone loses carbon dioxide, yielding decarboxy-coccinonc, 
to which the structure— 

0 CH, 

I I 


C,HMe(OH), 


II 

0 

is given; it forms red-brown crystals, and dissolves in alkalis to form 
purple-red solutions, and in concentrated sulphuric acid with a blue 
colour which becomes violet on addition of boric acid 

Not only coccinin, but carminic acid itself, has been further 
examined by Dimroth {he. cil.), and as a result he considers that 
this substance is also a derivative of anthraquinone. He has oxi¬ 
dised carminic acid by means of hydrogen peroxide in aqueous 
caustic soda, using cobalt sulphate as catalyst, and in this way 
obtained in the first instance carminoquinone, but the reaction 
proceeded further with the formation, after acidification with 80 per 
cent, acetic acid of a yellow crystalline compound, C M HuO|tNa,, 
SH| 0 , which, when triturated at 0° C. with dilute hydrochloric 
acid, yielded s : b-dUiydroxy-i-mtkyl-vnaphthoquint*e-$ : 5 *dkar- 
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boxy lie acid: pale yellow, hygroscopic crystals— 

. CH, O 



trisodium salt, CuHjOaNa* 4H1O, orange needles. 

The orientation of this acid has been established by Dimroth by 
comparison of its colour reactions with those of a : k-dihydrexy-a- 
naphthoquinone , synthetically prepared by Dimroth and Kerkovius, 
as also by its conversion into carminazarin by treatment with acid 
permanganate. Moreover, the structure previously assigned by Dim¬ 
roth to carminazarin, viz. a : 3 : 6-trihydroxy-8-methyl-a-naphtho- 
quinone-s-carboxylic acid, has been supported by conve»ion*of 
carminazarin-quinone—the oxidation product of carminazarin—into 
a diphenaiin , Cj 4 H 14 0,N 4 , by treatment with an alcoholic solution 
of tf-phenylene-diamine. The product crystallises in yellow needles, 
and yields an acetyl derivative, c„h„o 4 n 4 . 

When 2 : 6-dihydroxy-8-methyl-a-naphthoquinone-3 : 5-dicar- 
boxylic acid—the oxidation product of carminic acid referred to 
above—is warmed with water, carbon-dioxide is eliminated with the 
production of 2 : (i-dihydroxy-i-metkyl-a-naphthoquinone-^-carboxylic 
acid: brown-yellow needles— 


CH, 0 



potassium salt, CuH-OjK, lemon-yellow crystals; dipotassium deri¬ 
vative , C u HjO»K,, orange-red crystals. 

•This compound when brominated in glacial acetic acid at 40° 
yields a mmobrom derivative, yellow needles, melting-point 940—244°, 


CH, 0 



>H 
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which on treatment with hydrobromic add yields a-iroma-carinin, 
whilst with bromine in cold methyl alcohol, the product is j8-bromo- 
tarmin (Will and Leymann), which proves that this body has the 
structure 



assigned to it by Miller and Rohde, 

Beyond the above-mentioned decomposition products of carminic 
acid, Dimroth has obtained a 5 per cent, yield of hydrocarbons of 
the anthracene series by distillation with zinc-dust in an atmosphere 
°f«hydjogen. After oxidation of the mixture of hydrocarbons he 
isolated anthraquinone, and possibly a-methyl-anthraquinone. 

By treatment of carminic acid with boiling dilute sulphuric acid, 
Dimroth has also obtained a 10 per cent, yield of trihydroxy-methyl- 
anthraquinone carboxylic acid (CuH^Ov), needles, melting-point 
above 300°, and this acid when heated with water at 230—240°, passes 
into trihydroxy-methyl-anthraquinone by loss of carbon dioxide. 

Dimroth considered the possibility that the anthraquinone nucleus 
is produced during the reactions described above, but concluded that 
this is not the case, and that it is present as such both in carminic 
acid and coccinin. Dimroth formulates carminic acid thus— 


CH 3 0 



HOOC 0 

On the other hand, C. and H. Liebermann (Ber., 1914, 47, 
m3) bring forward arguments, chiefly the smallness of the yield of 
anthraquinone or anthracene derivatives obtained by Dimroth, in 
favour of the view that the anthracene nucleus is formed during the 
degradation reactions. 

These authors have also re-examined the " ruficocrin ” of Lieber¬ 
mann and van Dorp (see above), and conclude that it consists of a 
mixture of trihydroxy-methyl-anthraquinone carboxylic acid, and tri- 
hydroxy-methyl-anthraquinone, which is confirmation of the work of 
Dimroth, Incidentally they described carminic anhyiridt , CnH M O t „ * 
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prepared by heating carminic add with thionyl chloride—vivid red 
ppwder, resembling carminic add, though'less soluble. It is re¬ 
converted into the latter by the action of aqueous alkalis. 

Technical Preparations of Cochineal. 

> Ammoniacal Cochineal .—When a solution of carminic acid in am- 
moitia is allowed to stand for some time, there is formed a new com¬ 
pound, which appears to consist of carminic acid in which one of the 
hydroxyls has been replace^ by an amino group. The formula assigned 
to this substance by Schiitzenberger was CjH„N 0 4 . This reaction, 
long known, has been utilised for the production of a new colouring 
matter termed ammoniacal cochineal, or carminamide, and this comes 
into commerce either as cakes or in the form of a paste. 

The first variety is usually prepared by allowing one part of cochi¬ 
neal to stand in a closed vessel for three months with three partrfW 
ammonia. The clear liquid is decanted, treated with about half its 
weight of gelatinous alumina, evaporated, and when the mass has 
become thick, it is cut up into cakes and dried. 

The paste is manufactured in a somewhat similar manner, the 
ammonia, however, being only allowed to react for eight days. The 
clear liquid is then evaporated to about one-third its bulk without 
addition of alumina (Crookes, “ Dyeing and Calico Printing "). 

Ammoniacal cochineal dyes much bluer shades than cochineal 
itself, and it is sometimes employed in conjunction with the latter. 
Its use is now very limited, but it finds some application in the blue¬ 
ing of bleached cotton. 

Dyking Properties of Cochineal. 

Cochineal has been little employed in cotton dyeing, but was very 
largely used in silk and wool dyeing. It has now been practically 
replaced by the azo-scarlets. 

Two shades of red are obtained upon wool with cochineal, 
namely, crimson, which is produced by means of aluminium sulphate, 
and a very fiery scarlet, for which stannous and sometimes stannic 
chlorides are employed. 

For crimson, wool is mordanted with aluminium sulphate and 
tartar, and is then dyed in a separate bath with cochineal. The 
employment of calcium salts in the dyeing operation is not beneficial. 
Fairly good shades of crimson can also be obtained by mordanting 
and dyeing itra single bath with aluminium sulphate, oxalic acid, and 
cochineal For scarlet, wool can be mordanted with stannous 
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chloride and tartar, arid dyed in a separate bath with cochineal. A 
single-bath method, employing stannous chloride, oxalic acid, and 
cochineal, has, however, been very largely used for this purpose. On 
the other hand, preparations of stannic chloride, known as " tin 
spirits," “scarlet spirits,” and “nitrate of tin,” are and have been 
much employed by dyers of cochineal scarlet. Though, when used 
alone, stannic chloride does not give such brilliant shades as, the 
stannous mordant, a mixture of both is considered to be beneficial. 
For very yellow shades of scarlet, yellow colouring matters can be 
added to the cochineal dye-bath, and of these “flavine” has been 
considerably employed. 

Cochineal red on wool possesses considerable fastness to light, 
but has the defect that weak alkalis and soap cause it to acquire a 
duller or more bluish shade. 

^ Wool mordanted with potassium dichromate gives with cochineal 
a gootf purple colour, whereas with ferrous sulphate and tartar, purplish, 
slate, or lilac colours can be produced. These mordants, however, 
are not employed in practice. A good crimson shade is produced by 
mordanting silk with alum, and dyeing with an extract of cochineal. 
In scarlet dyeing, silk is preferably first dyed yellow, then mordanted 
with “ nitromuriate of tin,” and finally dyed in a second bath with 
the assistance of cream of tartar. Silk can also be dyed in a single 
bath with cochineal, stannous chloride, and oxalic acid. 

Lac Dye. 

. Lac dye is produced by an insect, the Coccus lacca or ficus, 
living on the twigs of various kinds of trees, particularly the 
Ficus rtligiosa (Linn.), the Zizyphus jujuba (Lam.), and the Butea 
froniosa (Roxb.). These insects appear usually in November, and 
subsequently fasten themselves to the fleshy portions of the young 
branches. Gradually the abdomen of the insects becomes covered 
by a viscous fluid, which slowly forms a cellule surrounding the 
animal. The substance composing this cellule is the stick lac. The 
cellule attains its full size in March, and the insect then exhibits the 
appearance of a red oval-shaped, smoothly polished lifeless sack 
' entirely filled with a beautiful red liquid; its size is then the same 
as that of the fully grown cochineal (Crookes, “ Dyeing and Calioo 
Printing, ” p. 354). Commercial stick lac is chiefly gathered on the 
hi% banks of the Ganges in India,-that for dyeing purposes possess¬ 
ing a deep red colour, whereas the pale perforated kind in which no 
insects exist is employed for varnish-making, and constitutes't* 1 * 
material for shellac. 
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Of lac, the following varieties occur: stick lat, the crude product 
together With the twigs upon which it is formed: grained lot, the 
material removed from the twigs; and caked lac, the latter variety 
fused and cast into moulds. 

Sifch a resinous material is not suitable for dyeing purposes, and 
a simple process is adopted to remove the colouring matter from the 
resin, or at least to obtain it in a more concentrated form. This 
consists in extracting the stick lac with hot dilute sodium carbonate 
solution, evaporating the extract, and moulding the residue into square 
cakes. Recording to Crookes (lot. cit.) the product, which is lac dye, 
contains on an average about Jo per cent, of colouring matter, 35 
per cent, of resin, and 22 per cent, of earthy impurities. 

Lac dye is an extremely ancient dyestuff, and was employed in 
the East for many centuries before it was known in Europe. It 
appears to have been introduced into this country about 1790. EajJy 
in the last century, lac dye was a very important article of commerce, 
so much so that at one time shellac was practically a bye-product 
of its manufacture. The position of these products has now been 
reversed, for whereas *the dyestuff is almost defunct, the shellac in. 
dustry is of considerable importance. 

According to the older writers, the colouring mgiter of lac dye 
was considered to be identical with that of cochineal^tt that this is 
not the case has been clearly indicated by Schmidt 

Laccaic Acid .—Finely powdered lac dye, after treatment with 
dilute hydrochloric acid to remove mineral matter, is extracted with 
boiling water, and the colouring matter is precipitated from the re. 
spiting solution by means of lead acetate. The lead precipitate, 
suspended in water, is decomposed with sulphuretted-hydrogen, and 
the filtrate which contains the free colouring matter is evaporated 
to dryness. The residue thus obtained is extracted with alcohol and 
ether is then added to the solution until a precipitate no longer forms. 
The filtered liquid on gradual evaporation deposits crystals of laccaic 
acid. According to Schmidt, the amount of pure colouring matter 
which can be isolated by this method from a kilogram of lac dye is 
so grams. 

A simpler process has been described by Dimroth and Gold¬ 
schmidt (Annaten, 1913, 399, 6s), in which the stick lac n digested 
in jtater at 30° C., the clear red solution, after cooling, acidified with 
acetic acid, separated from the resinous matter that is precipitated, 
and, after evaporation to small bulk, acidified with hydrochloric acid, 

■’ When the erode product thus obtained is crystallised from hot 85 * 
'per cent, formic add, washed, dried (at 60—70° C.), and tesrys- 
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tallised from hot dilute hydrochloric acid, laccaic acid separates in 
the form of dark red microscopic rhombohedra. The acid is soluble 
in water yielding blood-red solutions, but is insoluble in ether; 
whin heated it decomposes at about 180° C., yielding a small 
quantity of a red sublimate.. Only the sodium hydrogen salt has 
been prepared in crystalline condition, and to this Dimroth ascribes 
the formula C. a Hi 2 O ti) Na 2 . C! 8 H )3 0 M Na, whilst he concludes, that 
the acid has the composition €ai>H 14 0 M , and not C m HuOj, as 
previously supposed. 

Although no distinction is to be observed in the absorption 
spectra of the aqueous and alkaline solutions of laccaic and carminic 
acids, it is possible when the colouring matters are dissolved in sul¬ 
phuric acid to discriminate between them in this way. When fused 
with potassium hydroxide, laccaic acid gives, in addition to a sub- 
sjgnce (a) volatile in steam, colourless needles, melting-point 142— 
143° C.; a compound (/>) C l0 H,O # , orC 10 H 8 O 8 , melting-point 285° C., 
readily soluble in water; a compound (c) C 8 H 8 0 3 , melting-point 
169° C., possibly a hydroxytoluic acid; and (d) an easily soluble 
substance, the aqueous solution of which gives a black coloration 
with ferric chloride (Schmidt). 

Reduction of laccaic acid with tin and hydrochloric acid, or with 
zinc-dust and aqueous ammonia, yields a compound C Sl) H w O|>, which 
crystallises in brown-yellow rhombohedra, and which on oxidation 
by means of cupric chloride and hydrochloric acid, yields a substance 
of the composition C !0 H u O 8 , which Dimroth considers is related to 
the former substance as quinone to hydroquinone. 

Although laccaic acid does not yield crystalline bromination pro¬ 
ducts similar to a and 0-bromocarmine, compounds of this nature 
have been obtained by Dimroth from its oxidation product, calaic acid. 

Calaic acid is produced when laccaic acid is oxidised by means 
of hydrogen peroxide (2^—3 molecular proportions) in the presence 
of a catalyst (cobalt, manganous, cerous, or ferrous salts; manganous 
chloride is best). This acid, C^H^On, crystallises from ether in 
small yellow prisms, and from water in needles having the composi¬ 
tion CijH u Oii, 2|H 2 0. It does not possess dyeing properties, 
contains one carbonyl and three carboxyl groups, and may be 
purified by means of its crystalline barium salt. A silver salt, 
CpHuOiiAgs, has also been prepared. 

;. \When calaic acid is brominated, in glacial acetic acid, two pro¬ 
ducts are formed: (i) an a-ketonic acid, Ci,H 10 O ( Br>, and (ii) (8- 
bromolaccain, QjHjOgBr, these products being separated by taking 
advantage of the solubility of the latter in cold acetone. 
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The o-ketonic acid forms brown-yellow crystals, melting-point 
208—*09° C.; it givesan impure fed-violet colour reaction with ferric 
chlo.ride, and when heated to 80—90° C. with concentrated sulphuric 
add, it loses carbon monoxide, yielding a monobasic acid, CnH w O s Br s , 
which has melting-point 245—246° C. (decomposition),and givesan 
intense violet colour reaction with ferric chloride. The keto acid forms 
a ph^nyl-Ijydrazone and semicarbazone, and, by treatment with methyl 
alcoholic hydrobromic acid, it yields the hydrobromic acid compound 
of its methyl ester, C 13 H 12 0 # Br». HBr, colourless needles, melting- 
point 133—134 0 C. (decomposition). 

fi-Bromolaccain separates from water in crystals that have the 
composition C 12 H 6 0 8 Br, 2H2O; it has melting-point 234—235” C. 
(decomposition). It dyes wool orange from an acid bath, and gives a 
strong red colour reaction with ferric chloride. The potassium salt, 
C ls H 0 8 BrK ( , H 2 0 , crystallises in hexagonal plates. Concentrate 
sulphuric acid and acetic anhydride produce diacetyl-fi-bromolaccain 
anhydride , QjHyOjBr, indicating that two hydroxy groups are 
present in the molecule, and that it also contains two carboxyl 
groups in the ortho position. 

Oxidation of / 3 -bromolaccain by means of hydrogen peroxide in 
warm glacial acetic acid yields two products, viz. (i) hydroxy-tricarboxy- 
fhenyl-glyoxylic acid, and (ii) a compound CuHjOjBrj. The former, 
which is the chief product, crystallises in plates, melting-point 229'5— 
230“ C. (decomposition), and on treatment with concentrated sul¬ 
phuric acid at 130—140° C. yields a phenol-tetracarboxylic acid which 
melts at 212—214 0 C. (decomposition) .The second oxidation product 
of/ 3 -bromolaccain has melting-point 188—190* C. (decomposition), 
and readily loses bromine; for it Dimroth tentatively proposes the 
formula— 


COOH COOH 

“AA—«»„ 

Br s C || I 

\ c / c \c/- 0H 


o 


H 


For / 3 -bromolaccain itself Dimroth and Goldschmidt suggest the 
structure— 
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COOH 0 

i i 

HOOC-C^ X C-OH 

! II II 

HO—,C. ,C —Br 

\ c / \q/ 


H 


O 


and for this they find support in the fact that it resembles a : 6: dihy- 
droxy-o-naphthoquinone in its colour reactions. Moreover, it be¬ 
haves very similarly to /f-bromocarmine in that it yields an indone 
derivative, a-bromoiaccain (cf. a-bromocarmine), when its boiling 
solution in water is treated with bromine:— 


Br.C 


0 COOH 

II I 

/ \c/ C ^C—Br 

II I 

\ C / C \c/ C -° H 


Br 


This compound crystallises in colourless needles, and yields i : 6- 
dibromphenol-3 ; 4 ; s-tricarboxylic acid, melting-point 157—858', 
and bromofbrm when treated with sodium hypobromite. 

Dyeing Properties .—The dyeing properties of lac dye are prac¬ 
tically identical with those of cochineal, but the shades obtained 
aye somewhat faster. Owing to the resinous and mineral impurities 
accompanying the colouring matter, it is not readily soluble in water, 
and before use it is therefore ground to a paste with the requisite 
quantity of tin spirit together with a little hydrochloric add, and 
allowed to stand overnight. Cochineal and lac dye can be used to¬ 
gether with advantage, or after the wool is dyed with lac it may be 
IWered into a fresh bath with cochineal. Its employment at the 
present time is, however, extremely limited. 

Fowler (Indian Textile Jour., 19x7,144) has made attempts to 
standar&e various Indian colouring matters so that they may be 
marketed in uniform strengths. It would appear that" Lac dye w 
is one pf those with which he has been concerned. 


94 



ms anthwqvinone group 

Kbrmbs. 

. Kermes is the most ancient dyestuff on record, for it was 
known in the time of Moses, and is mentioned in Scripture by its 
Hebrew name, “ tola " or "tolaschani According to Tychsen 
(Bancroft’s “Philosophy of Permanent Colours,” i, 394), “the 
scarlet or kermes dye was known in the East in the earliest ages 
before Moses, and was a discovery of Phoenicians in Palestine, but 
certainly not of the small wandering Hebrew tribes Under the 
name “coccus " it is frequently referred to by the Greek and Latin 
writers. 

Kermes is an insect found on the oak kermes (Qutrevs cocci/era, 
Linn.), and when living the female insects, which are fixed to the 
twigs of the tree, resemble bluish berries, and are covered with a 
whitish powder. As soon as their eggs are on the point of hatching 
these insects should be collected, killed by exposure to the stfeamof 
vinegar, and dried, and the product has then the appearance of pale 
reddish-brown grains. According to Bancroft, it would require to 
or u lbs. of kermes to produce the effect of a single lb. of cochineal 

Kermesic acid, Ci 8 H,jO,, the colouring matter of kermes, was first 
isolated, in the crystalline condition, by Heisse (Arbeit, a. d. K. 
Gesundheitsamte, 1895, 513), and has since been examined by 
Dimroth (Ber., tgro, 43, 1387; and Annalen, 1913, 399, 43). 
To isolate the kermesic acid, the kermes is first extracted with 
ether to remove wax, and this has been examined by Dimroth 
and Shernda! (Annalen, 1913, 399, 43), and identified is ceryl 
cerotate, C M H 1M Oj. The residue is then allowed to stand over¬ 
night with an ethereal solution of hydrochloric acid, by Which 
means the kermesic acid, which exists in kermes in the form 
of a salt, is liberated and made capable of removal by repeated 
extraction with ether. For the purification of the substance, it is 
converted into its sparingly soluble sodium salt, which allows of its 
separation from flavo-kermesic add ,—a substance stated by Dimroth 
to be present in kermes dye to the extent of about o'o6 per cent 
—the sodium salt of this being soluble in hot sN sodium acetgp 
solution, whereas the disodium salt of kermesic add is almost inm- 
uble. sodium salt when dissolved in boiling sodium hydroxide 
solution and treated, whilst boiling, with excess of hydrochloric add, 
yield! a crystalline precipitate of kermesic add. 

Thus obtained, the add consists of brick-red needles which de¬ 
compose, without melting, at about 350° C. It is distinguished from 
carminic add by the fact that it is soluble in ether, and is much more 

9 f 



THE NATURAL ORGANIC COLOURING MATTERS 

sparingly soluble in cold water. On the other hand, the colour of 
the alkaline solutions of both colouring matters is practically identical. 
Kermesic add is soluble, without decomposition,, in concentrated 
sulphuric acid giving a violeOred solution, which, on addition of 
boric add, becomes clear blu£,—if flavo-kermesic add is present as 
impurity only a dull bluish-violet results. 

Disodium kermesate, Ci 8 H M 0 8 Na a , prepared by means of so()ium 
acetate, consists of a red-brown crystalline powder, sparingly soluble 
in water with a violet-red colour. 

Barium kermesate, (C| 8 H u 0 8 ) 8 Ba| is brown and contains water of 
crystallisation. 

Tetra-acctyl kermesic acid, Ci 8 H 8 0 8 (C 2 H 3 0)4, yellow needles, melts 
at 245° C. Kermesic acid trimethyl ether, C 21 H,„ 0 9 , orange-red 
needles, melting-point 310° C., dissolves in sulphuric acid with a 
viqjet colour, and is prepared from the potassium salt by means of 
methyf sulphate in the presence of boiling toluene. 

Flavo-kermesic acid, C 13 H 8 0 # , crystallises in needles, or prisms, 
and differs considerably from kermesic acid in its dyeing properties 
and in the colour of its solutions. 

Kerjnesic acid i# decomposed by warm concentrated nitric acid 
yielding nitro-coccusic acid (trinitro-cresotinic acid), identical with 
the acid— 

CH 3 

I 

0.1N—Y \-no 2 

HO-IJ-COOH 

[ 

NO a 

obtained in a similar way from carminic acid. 

Kermesic acid contains no methoxy groups, and treatment with 
hydriodic acid gives the reduction product C 18 Hi 2 0 8 , which decom¬ 
poses at 275 0 C. 

When oxidised with hot potassium permanganate, kermesic acid 
tritnethyl ether produces two products, the one being methylcochenil • 
mk monomethyl ether — 
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which melt* at r78—180° G, with formation of the anhydride, melting- 
point 149” G Digestion with boiling potassium hydroxide (*5 per 
cent.) solution converts this ester into cochenillic acid methyl ether, 
C11H10O7, melting-point aoo° C. (decomposition), whilst complete 
demethylation of ester, or acid, by means of hydriodic acid, yields 
hydroxyuvitic acid. 

The second product of the oxidation is the dimethyl ether of 
cresotinglyoxyl-dicarboxylic acid — 



melting-point 108—110° C. if anhydrous. The hydrated acid has 
melting-point 86° C., and this, by oxidation with alkaline perman¬ 
ganate, is converted into the above-described methyl cochenillate 
methyl ether. 

When kermesic acid is heated with water at 150° G, carbon 
dioxide is evolved, and decarboxykermesic acid, C 17 H 1S 07, is produced. 
This forms red needles (no melting-point), almost insoluble in sodium 
bicarbonate, soluble in caustic soda, and in concentrated sulphuric 
acid containing boric acid, yielding solutions which resemble, in 
colour, similar solutions of kermesic acid. 

Bromination of kermesic acid yields (i) in boiling 50 per cent, 
acetic acid, a -bromocarmin; (ii) in boiling glacial acetic acid, bromo¬ 
coccin, C«H ( 0 |Br; (iii) in methyl alcohol, followed by treatment 
with concentrated hydrobromic acid, tribromococcin, C ]5 H 7 0 # Br 3 . 
(This product is also obtained when bromococcin is treated in the 
same way.) 

Bromococcin, C„H # 0 8 Br, crystallises in red needles, melting- 
point *59—260° C. (decomposition); it yields an acid potassium salt, 

C M H 9 OjBr. CjjH a OjBrK, 
and a tetra-acetyl derivative, 

C I ,H a 0 8 Br(CH,C 0 ) 4l 

which forms yellow crystals. When oxidised by means of warm 
alkaline hydrogen peroxide, in the presence of a catalyst, bromo¬ 
coccin yields cochenillic add 
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I 

Q —COOH 
—COOH 

C°°H 

and from these facts Dimroth and Scheurer conclude that bfomo- 
coccin has the structure— 




either of which is in agreement with the fact that, in respect of its 
dyeing properties, it resembles purpurin, not anthragallol. 
Tribrotnococcin is formulated as either— 

OH O CH, 

I 11 I 

Br-Y^ /C ^f / S—Br 

ho Aa c /U- oh 

OH » i 

It crystallises from acetic acid in long red needles, melting-point 
a 45—* 48 ° C., is soluble in concentrated sulphuric acid giving a red- 
violet solution, the colour of which changes to deep blue when boric 
acid is added. 


HO- 

Br- 


OH O CH 

I II | 

/c yy* 
A/ 


OH 


A 


H 


O 


Br 


Tetra-aatyl-tribromococtin, C 16 H 3 0 9 Br(CH a C0) 4l crystallises in 
green-yellow needles, melting-point 2 * 3 ° C.; it yields nitro-coccusic 
acid when treated with fuming nitric acid. 

Dimroth and Scheurer point out the close relationship that exists 
between bromococcin and kermesic acid, and assign to the latter the 
structure— 
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They support-this by the results of the distillation of kennesic acid 
with zinc-dust, whereby they bbtained o-methyl-anthracene (and 
bom it prepared a-methyl-anthraquinone). They also consider 
it probable that anthracene is simultaneously produced. 

Kermesic acid is thus closely related to carminic acid, which is 
also considered by Dimroth to be a derivative of anthraquinone. 

Dyeing Properties .—According to Hellot (Bancroft, “Philosophy 
of Permanent Colours,” i, 404), “the red draperies of the figures 
exhibited in the ancient Brussels and other Flemish tapestries were 
all dyed with kermes ”, “ The fine red or crimson colour of these 
tapestries, which was originally called simply scarlet, took the name 
of Venetian scarlet, after the cochineal scarlet upon a tin base was 
discovered. ..." 

For the production of this scarlet, the wool, previous to dyeing, 
was mordanted with alum and tartar; and, according to Bancrqfl, 
there is no evidence even in more recent years of the employment 
of a tin mordant in respect of this colouring matter, although the 
experiments he carried out indicated that by this latter method a 
scarlet could be produced “ in every respect as beautiful and estimable 
as any which can be dyed with cochineal ”. 
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CHAPTER II. 

THE NAPHTHOQUINONE GROUP. 
Introduction—Lapachol—Lomatiol. 
Introduction. 

There are three possible naphthoquinones:— 


O 0 

II II 



E-Naphthoquinone. ;> 


0 

a-Naphthoquinone. 

of which, however, only (1) and (2) are known. 

Both of these quinones are readily formed by the oxidation of 
various naphthalene derivatives, the latter also from naphthalene 
itself. 

As starting-point for the production of / 3 -naphthoquinone, either 
r-amino-a-naphthol or 2-amino-i-naphthol may be used, and the 
former wjien oxidised by means of chromic acid, or, better,-ferric 
chloride, gives an almost theoretical yield of the quinone;— 


NH, 0 OH 



Not only the amino-naphthols, but also 1-2-dihydroxy-naphtha¬ 
lene may be oxidised by means of ferric chloride with, production of 
the / 3 -quinone 

OH O 
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• ^ 

For the production of the second known naphthoquinone, naph¬ 
thalene, or a variety of its a-mono, or i: 4-di- substitution products 
may form the starting-point, and various examples are represented 
by the following formula, the oxidising agent employed being stated 
in each case:— 



The synthetic colouring matter naphthazarine, a dihydroxy deri¬ 
vative of this quinone, is of commercial value, and may'be prepared 
by the action of zinc and sulphuric acid, or suphur and oleum, on 
1:4: dinitro-naphthalene, the change being represented thus:— 


NOj 0 



The relationship that exists between this compound and alizarin 
is worthy of note— 


rot 
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0 



■m e naturally occurring colouring matters of the naphthoquinone 
group are but few in number, and are not widely distributed. 


Lapachol. 

This colouring matter has been obtained from the wood of the 
Lapacho tree, from Greenheart wood, and also from Bethaberra 
It was from the first-named that Amaudon (Comptes 
rend., 1858, 46, 1154) originally obtained it by extracting the 
wood with alcohol, and recrystallising the product from a mixture 
of alcohol and ether. Stein (J. f. pr. Chem., 99, 1) showed that 
the same colouring matter was present in Greenheart wood, whilst 
Green and Hooker (Amer. Chem. Jour., n, 267) obtained it from 
Bethaberra wood. 

According to Paternh (Gazetta, 12, 337; 21, 374) the colour¬ 
ing matter is best extracted from the wood by means of soda solution 
(1 gram soda crystals in 16 grams water for 20 grams finely divided 
wood), the product being precipitated from the combined extracts 
by means of hydrochloric acid, purified by extraction with barium 
hydroxide solution and reprecipitation with acid. The product thus 
obtained when recrystallised from benzene is readily obtained in a 
pure condition. 

Lapachol , C 15 H u Oj.—T he melting-point of the crystalline pro¬ 
duct has been variously stated as 138° C. (Pgtemb) and i40'5° C. 
(Green). It is insoluble in water, but soluble in alkalis, yielding red 
solutions which contain its salts. It is not very soluble in ether, but 
easily soluble in chloroform, glacial acetic acid, and in hot alcohol 
or benzene. 

Monoacetyl derivative , CijHjjOjAc, yellow prisms, melting-point 
82—83° C, is prepared by the action of acetic anhydride and sodium 
acetate on lapachol. It is insoluble in water, crystallises from alcohol 
and Is very easily hydrolysed; cold nitration converts it into nitro- 
acetyl-lapachol , CuHj S 0 ,(N 0 |)Ac, melting-point 166—168° C., whilst 
further acetylation yields a diacetyl-derivative, GjHuOjAcj, colourless 
crystals, melting-point 131—132° G 
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- Various salts of lapachol have'been described, jjf which those of 
the metals are ted in colour, those of organic bases yellow to orange. 
The sodium and potassium salts crystallise with 5H2O* 

C 15 H,ANa(K), sHjO; 
the calcium, or strontium salt has only t^HjO: 

(CuHAbCafSr). riH,0; 

whilst the barium salt has 7 H a 0 : (CuHAJjBa, 7H S 0. Anhydrous 
lead, silver, and ammonium salts have also been described. Of the 
salts of organic bases, the aniline salt, CuHyOj. C s HjN, consists of 
yellow needles, melting-point 121—112“ C,, that of /-toluidine, 
Cj.HjjOj . C ; H # N, of orange-yellow leaflets, melting-point 130” C., 
and that of o-toluidine, C,,H u O a . C 7 H 9 N, of yellow crystals, 
melting-point 235° C. 

The elucidation of the constitution of this colouring matttW is 
due to Paternb (Gazetta, 12, 337 and 622 (1883); 19, 601 {1890); 
and at, 374 (1891)), and Hooker (Jour. Chem. Soc., 1892, 6t, 
6n; 1896, 69, 1355). 

It was Paternb who first put forward a structural formula for 
lapachol, which he based chiefly upon evidence obtained from ex¬ 
amination of its oxidation and reduction products. 

When oxidised by nitric acid (sp. gr. 1 "38), lapachol gives rise 
to phthalic acid in good yield, whereas when the colouring matter 
is reduced by means of hydriodic acid and red phosphorus, a sub¬ 
stance is obtained which Paternb considered to be /?-isoamyl-naph- 
thalene. As the result he suggested the following constitution for 
lapachol:— 


0 



The position of the double bond has been disputed by Hooker. 
This author concludes that the product which Patemb considered to 
be j 9 -isoamyl-naphthalene in reality consists of a mixture of two 
substances to which he gives the names a and $-lapachan, and 
formulates thus;— 
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and 



a-Lapachan, 



g-Lapachan, 


He was able to show that the product obtained by treating naphtha¬ 
lene with isoamyl-chloride, in the presence of aluminium chloride, 
was not identical with that obtained by Paternb by the reduction 
of lapachol. Moreover, by condensation of (i-hydroxy-a-naphtho- 
fuim/lt and isovaleric aldehyde , in the presence of hydrochloric acid, 
he obtained a compound that should have the structure applied 
to lapachol by Paternb, though to this, in view of its bright red 
colour, he assigned the formula— 


OH 



CH=CH- 

|=0 


/CH 3 

-C-H 

^CH, 


and the name iso-fl-lapachol. 

Although iso-/ 3 -lapachol is a derivative of ^-naphthoquinone, 
whilst Patern&’s formula for lapachol represents it as a derivative of 
a-naphthoquinone, both substances should yield the same reduction 
product, but as the reduction product given by iso-/ 3 -lapachol i* 
not identical with that obtained by Patemb from lapachol, Hooker 
concluded that lapachol has in reality the structure— 


0 
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The alternative form— 


O 


I 

00-CH 2 -CH a -C^ 


CH 2 




was rejected by Hooker, and a consideration of the following series 
of changes makes clear his ground for this rejection. 

When lapachol is brominated, in chloroform, the product is 
brom-fi-lapaclwnc, orange-red crystals, melting-point 139—140° C. 
This when boiled with caustic soda yields dihydroxy-hydro-lapachol , 
melting-point 181—182" C, and, according to Hooker, on traWflfcnt 
of this product with concentrated sulphuric acid the products (1), 
(2), (3), and (4) are formed simultaneously, and the changes may 
be represented by the following scheme:— 


0 



UJ-0 i, 


0 Brom-0-Lapachone. 


0 

lb 


CH, 


f / \ / \—CHj-CH— C<( 

Ah A> h ’ 


Dihydroxy-hydro-UpachoL 


*°5 
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Then 

0 


M-C Hr -CH-c/ CH| TSST rYV CHr 1 H -KcH 

IJU-OH |) H |) H CH * dehydration \A/”° (Ih * 


CH, 

/ 


II 

0 

1 dehydration and 
rearrangement 



CH=C-CH 


OH 


L 


CH, 


CH, 


further 


(II ) Hydro*y.iso-\ dehydration, 
lapachol. 


00 : 


(i.) 


H-C-CH 


CH,' 


CH, 


OCCo 


6 (III.) Isopropyl-furan- 
a-naphtho- 
quinonc. 

/0\ 

/CH,* 
CH=C-CH( 

X CH, 


(IV.) Isopropyl-furan- 
jS-naphtho- 
quinone. 


When lapachol is treated with mineral acids, Hooker obtained 
two substances which he termed a and /3-lapachone, and to which 
the following constitutions have been assigned 


0 



* Both of these substances can be reconverted by the action of caustic soda 
into dlhydrtwy-lsolapacho! though Hooker did not succeed in isolating this 
at an intermediate product in the initial reaction with sulphuric add.,. 
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The former consists of pale yellow crystals, melting-point uy* G, 
and change^ on solution in concentrated sulphuric add into the 
latter, which forms orange-red crystals, melting-point 155—156° C. 

According to Crosa and Manuelli (Rend. Accad. Line., 1895, 
ii., >50), Lapacho wood, on prolonged distillation with steam, yields 
a volatile crystalline product tor which they gave the name Lapa¬ 
chonone, and composition C 14 H 18 O s , colourless crystals, melting-point 
6i’s°C. It is optically active; its picrate, C u H u O|. C e H^NO|)jOH, 
melting-point 145“ C.; on recrystallisation from alcohol forms pro¬ 
ducts in which the proportion of picric acid is variable. 

From lapachonone, by oxidation with dilute nitric acid, they ob¬ 
tained phthalic acid, whilst by the action of phosphorus penta- 
chloride it was converted into dichlor-lapachonone, C 19 H 14 C 1 iOj, large 
colourless prisms, melting-point 108° C., volatile with steam, 

Bromination of lapachonone, in cold acetic acid solutio r^ yie lds 
hram-lapachonone, C]*H ls 0 2 Br, colourless prisms, melting-point 136* 
C., together with small quantities of a brom-dihydroxy-compound, 
C 15 H 16 0 4 Br, yellow prisms, melting-point 140” C., which forms almost 
the whole product when lapachonone is brominated in aqueous sus¬ 
pension. It yields a diacetyl-derivative, yellow plates, melting- 
point 13 2° C., and a phenyl-hydrazone, red crystalline crusts, which 
has no definite melting-point (Manuelli, Atti. Real. Accad. Lincei., 
1900 (v.), 9, ii., 314). 


Lomatiol. 

This colouring matter, which is closely related to lapachol, has 
been obtained from the seeds of the Lomatia ilicifolia and Lomatia 
longifolia, which occur in Australia (N.S.W. and Victoria). 

The colouring matter is obtained by extracting the seeds with 
boiling water acidified with acetic acid, and allowing the filtered 
extract to cool, when the product crystallises out. It is recrystallised 
from the same solvent. 

Lomatiol, C w H u 0 4 , yellow needles, melting-point 137" G, 
js easily soluble in alcohol or ether, in alkalis and alkali car¬ 
bonates. 

When heated with acetic anhydride and a trace of zinc chloride, 
it yields a di-acetyl-derivative, CtfHjjO^CjHjO)* yellow needles, 
melting-point 83°. 

The salts of lomatiol vary in colour from orange to brown; 
thus the silver salt, Ci S H l) 0 4 Ag, HiO, is brown, the calcium salt, 
(CjjHiiOJiCa, is dark red, whilst the barium salt, (QjHuO^iBa, HiQ, 
is orange. 
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Rennie, who .first examined this compound (Chem. Soc. Tuns., 
1895, 67, 784), was of the opinion that lomatiol was hydroxy- 
Japachol, bat Hooker (Chem. Soc. Trans., 1896, 69, 1381), who 
continued Rennie’s investigations, was able to show that it was 
hydroxy-iso-lapachol, and assigned to it the formula— 

0 



II 

0 


When lomatiol is dissolved in concentrated sulphuric acid, and 
left for some time, it passes into hydroxy-fi-iapachoi (3), red needles, 
melting-point 204° C., identical with that obtained from dihydroxy- 
hydwJapachol by the action of the same reagent, whereas, if the 
reaction is stopped at an earlier stage, by pouring the solution of 
lomatiol in concentrated sulphuric acid into water almost as soon as 
solution is completed, an intermediate product, dehydrohpachone , is 
obtained to which Hooker gives the structure (2). The formation 
of these is shown thus :— 


0 




By careful oxidation of lomatiol, Rennie obtained acetic acid and 
phthalic acid. 
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. ' DROSERA WHITTAKER!. 

. Drostra whittakeri is found in Australia, and grows plentifully 
On the hills near Adelaide. The tuber of this plant consists of an 
inner solid but soft nucleus full of reddish sap or juice, and an outer 
series of easily detached thin, and more or less dry, layers of an 
almost black material. - Between these layers are to be found small 
quantities of a brilliant >ed colouring matter, the amount varying in 
tubers of different size and age, but apparently more plentiful in the 
older plants {Rennie, Chem. Soc. Trans., 1887, 51, 371; 1893, 63, 
1083). 

The colouring matter is extracted from the tubers by means of 
hot alcohol, the solution evaporated, and the residue, containing a 
little alcohol, is then mixed with water and allowed to stand. The 
product is dried, sublimed, and the brilliant vermilion powder, which 
contains two substances, is fractionally crystallised from Jailing 
alcohol, or acetic acid. 

The more sparingly soluble compound CnH 8 0 6 forms red plates, 
melts at 193—193 0 , dissolves in alkaline solutions with a deep red 
violet colour, and gives a triacelyl derivative, C„HA(C J H, 0 )„ 
melting-point 153—154°. 

The monosodium compound CiiH 7 0 6 Na, 2H 2 0, gives dark reddish- 
brown needles, the disodium compound C n H 9 O s N a , aH a O, brown 
needles, and the calcium compound (CuHjOjjjCa, 3H 2 0, dark brown 
crystals. 

By treatment with stannous chloride or hydrochloric acid, this 
substance C u H a O s yields a reduction product CuHnOs, in yellow 
needles, melting-point 215—217°. When dry, this is stable in air, 
but if left in contact with alcohol or water, it soon becomes red owing 
to oxidation. According to Rennie it is probable that the original 
colouring matter is a irihydnxy methyl naphthoquinone, in which case 
the substance ChHjjOs will consist of the corresponding hydro- 
quinone derivative. The more readily soluble compound contained 
in the tubers possesses the formula C n H 8 0 4 . It crystallises in red 
needles, melting-point 174—175°; dissolves in alkaline solutions with a 
deep red coloration; and gives a diacetyl derivative, CnH„ 0 4 (C 2 Hj 0 )j, 
in yellow needles, melting-point 107—110°. 
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CHAPTER III. 

THE BENZOPHENONE GROUP. 

Introduction—Benrophenone—Cotoin-Phloietin— Maclurin. 

Introduction. 

This group contains but one product, maclurin, that is of tinctorial 
value, and this substance has but feeble dyeing properties. Maclurin, 
however, found considerable commercial use at one time in the form 
of it's hft-azobenzene derivative known as “ Patent Fustin ", 

Besides maclurin, a number of hydroxylated derivatives of benzo- 
phenone occur in nature, but they have no tinctorial value. It has, 
however, been thought advisable to introduce a brief account of the 
two most important of these, viz. cotoin and phloretin, in particular, 
in view Of the attempt made by Perkin and Martin (Chem. Soc. 
Trans., 1897, 1149) to obtain from them products of tinctorial value 
similar to "Patent Fustin ”, 

Benzophenone. 

Benzophenone, the parent substance of this group, has been 
produced synthetically in a variety of ways, e.g. by distillation of 
calcium benzoate— 

(C,H 5 COO),Ca - (C,H 5 ) s CO + CaCO* 
by the action of phosphorus pentoxide on benzoic acid and benzene— 
* ‘ C,H, + C ( H 5 COOH - H a O - CjHjCO. C,H„ 

or by the action of benzoyl chloride, or phosgene, on benzene, in the 
presence of aluminium chloride— 

sC e H, + C 1 -CO-C 1 - QHj—CO—C t H B + aHCi, and 
. CjH ( + QHr-COCl - CjHj—CO—C t H s + *HC 1 

The. pure substance occurs in two forms, viz. large rhombic prismv 
■ melting-point 49* C. (stable), and monoclinic prisms, melting-point 
ad’ C. (labile), (Auwers and Meyer, Ber., 1889, aa, 550); it boils 
at jo6*C. 
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Of the poly-hydroxy derivatives of benzophenone, that obtained by 
beating together benzoic acid and pyrogallol in the presence of zinc 
chloride (D.R.P. 49149)) or by the condensation of pyrogallol and 
benzojtrichloride in the presence of alcohol (D.R.P. 54661), is a 
mordant colour of value, and is found in commerce as a paste under 
the name Alitarin yellow A. (B.A.S.F.). On alum it gives an 
orange-yellow shade, fast to light and washing. Its preparation 
may be represented thus:— 


OH 


OH OH 

/ 


<^^-COOH + - <^^-CO-<^^-OH 


OH 


CotoIn. ^ 

Bemoyl-phloroglueinol-mono-methyl ether , C 14 HuO«, is found, to- 
OH 

* I 

O- C0 -Q- 0CH > 

OH 

gether with various related substances, in true Coto bark, but not 
in para Coto bark, and has been the subject of much investigation 
by Ciamician and Silber (Ber., 24, 299 and 2977; 25, 1119; 
a 6, 777 ; 27, 409 and 841; 28, 1549), Jobst (N. Repert. Pharm,, 
1876, xxv., 23; Ber., n, 1031), Jobst and Hesse (Ber., 10, 249; 
Annalen, 199, 17), and Hesse (Ber., 26, 2790; 27, 1182; Annalen, 
282,191). As a result its constitution has been made clear and a 
number of its derivatives described. 

Cotol'n can be isolated from true Coto bark by extracting the 
powdered bark with cold ether, distilling off the ether from the ex¬ 
tract, and mixing the residue, whilst still hot, with light petroleum, 
whereupon a resinous-oily mass separates, from which the solution of 
cotoln can be decanted and the product obtained from it in the form 
of large' yellow crystals. A further quantity can be obtained from 
the resinous mass mentioned above by boiling it with lime-water, 
andtreating the solution obtained with hydrochloric acid, when the 
cotofn it precipitated. CotoIn may be recrystallised from alcohol) 
or hot water, when it separates in yellow prisms, melting-point 130'— 
13Y* C> It is difficultly soluble in cold water, readily soluble in hbt, 
sir • 
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is fairly soluble in alcohol, ether, and chloroform, but sparingly 
soluble in light petroleum or benzene. It dissolves in alkalis 
forming yellow solutions from which it is reprecipitated on acidifica¬ 
tion. As decomposition products of cotoin, phloroglucinol as also 
benzoic acid have been obtained. 

Cotoin has been used pharmaceutically in cases of diarrhoea and 
of phthisis. ; 

The diacetyl derivative, C 18 H 18 O fi , produced by the action of acetic 
anhydride, or acetic anhydride and sodium acetate, on cotoin, con¬ 
sists of large prisms, melting-point 94° C. If sodium acetate is used 
in the acetylation, the diacetyl derivative is accompanied by the 
acetyl derivative of methoxy-hydroxy-phenyl-coumarin acetate , melting- 
point 142 0 C,— 

MeO—/\/°\C =0 

kAc/C-H 

I | 

CHjCOO p h 

Bemoyl cotoin,- obtained by the action of benzoyl chloride on 
cotoin, crystallises in prisms, melting-point 1 io°—1 ta° C. 

Dibenwyl-cotdin consists of needles, melting-point 134'—135° C. 

Dimethyl-cotoin , obtained by the action of methyl iodide and 
alkali on cotoin, crystallises from alcohol, and has melting-point 
138° C. It yields a mono-acetyl derivative, colourless needles, 
melting-point 150° C., hence the formula 

HO.C,H.Me(OMe) 2 .CO.C,H 5 
has been proposed for it by Ciamician and Silber. 

Dibrom cotoin, C 14 H w 0 4 Br a , which crystallises in large colourless 
needles, melting-point 116° C., is prepared by the action of bromine 
on cotoin in chloroform solution. 

Cotoin oxime, Ci 4 H ls N 0 4 , crystallises in plates, soluble in alcohol, 
difficultly soluble in water, and has been prepared by the action of 
hydroxylamine hydrochloride on a cold aqueous solution of cotoin 
in sodium carbonate. 

Mono-nitroso-coto'in consists of dark red leaflets, or orange- 
yellow needles (from acetic acid), melting-point 153—154° C, (both 
forms). The needle variety possibly contains acetic acid of crystal- 
lisations (Poliak, Monatsh., 1901, 21, 996). 

A dilute solution of cotol'n m sodium carbonate is capable of 
coupling with diajtonium compounds, and in this way Perkin and 
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Martin (Chem. Soc. Trans., 1897,1149) have prepared the follow? 
ing derivatives t * 

Cototn-ato-hentent , CmHuO* . CjHjNj, crystallises from acetic 
addin orange-yellow needles, melting-point 183—184“ C.; it yields 
a<ftrr*/y 4 derivative, C h H # 0 4 . (C s H» 0 )s. C«H 5 N 2 , when treated with* 
acetic anhydride and sodium acetate, scarlet needles, melting-point 
155—156° C.; on treatment with hot alkalis the acetyl compound 
is hydrolysed with formation of the free azo compound. 

Coto'in-azo-o-toluene, similarly prepared from diazotised o-tolui- 
dine and cotoi'n, orange-yellow needles, melting-point 203—204° C. 

Cotoin-azo-p-to/uene consists of orange-yellow needles, melting- 
point 207—208° C. 

Hydro-cotoin, which occurs together with cotoi'n, is a dimethyl 
ether of trihydroxy-bcnzoyl-henzene, C 4 H 5 . CO . C 4 Hs(OH)(OMe)a. 

A number of poly-hydroxy benzophenone derivatives, includjpg 
products found in Coto bark and related to cotoi'n, have oeen 
prepared by W. H. Perkin and Robinson (Proc. Chem. Soc., 1906, 
3 ° 5 )- 


Phloretin. 

Phloretin occurs in the form of two distinct glucosides, phloridzin 
and glycyphyllin, which are found in the root-bark of the apple, 
cherry, and plum-tree, and in the leaves of Stnilax glycyphylla 
respectively (cf. Rennie, Jour. Chem. Soc., 1887, 634); whilst by 
catalytic hydrogenation of naringenin, in alcoholic solution with pallad- 
ous chloride and hydrogen, Franck (Beitr. Phys., 1, 179; cf. Chem. 
Centrbt., 1914, ii., 253) obtained a dihydro naringenin which he 
considered to be identical with phloretin. 

Mrs. H. A. Michael (Ber., 1894, 27, 2686), in consideration of 
the fact that by fusion with alkali phloretin yields phloroglucinol and 
phloreticacid, whilst on acetylation with acetic anhydride and sodium 
acetate a product was obtained which appeared to be a triaoetyl 
derivative, proposed the formula 

C»Hj(OH)j. 0 . CO. CH(Me). C,H 4 OH 
for phloretin. Ciamidan and Silber (Ber., 1894, 27, 1627; 1895, 
28, 1393), on further investigation of the product obtained by 
Michael, concluded that it was not a tri- but tetra-acetyl derivative, 
and, found that when heated with excess of acetic anhydride and 
sodium acetate, it yielded triaatyUphloretyl-mmrin by loss of one 
molecule of water— 
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AcO_/\/°\C=0 

ykcX-H 

AcO CH.Me 
C,H t .O. Ac 

In this property the acetyl derivative of phloretin resembles the 
corresponding derivatives of maclurin and cotom, Ciamician and 
Silber, therefore, concluded that phloretin has the formula 
C„H 2 (OH) 3 . CO. CH(Me). C,H*OH ' 

They also obtained a trimethyl-ether and tetra-methyl ether of 
phloretin in agreement with the above formula, and as phloretic 
acid has the structure 

HO-<^~^>-CH-COOH 

Me 


(Trinius, Annalen, 1885, 227, 262), that of phloretin may be 
represented thus;— 


HO- 



Phloretin, C 15 H u 0 5 , crystallises in shining prisms, melting-point 
*50“ C. (decomp.), almost insoluble in cold water, only sparingly in 
hot, but crystallises out on cooling. It is easily soluble in alcohol and 
may be crystallised from a mixture of alcohol and water; it is soluble 
in ether or hot glacial acetic acid. In caustic alkalis, or carbonates, 
it dissolves with yellow coloration, but is reprecipitated on acidifi¬ 
cation. If dissolved in concentrated aqueous ammonia, and the 
solution allowed to stand, golden-yellow scales are deposited. When 
boiled with concentrated aqueous potassium hydroxide for about 
fifteen fninutes it is decomposed with formation of phlorogludnol 
and phloretic acid. 

The Mra-attiyl derivative melts at 95° C., and by loss of water 
when heated with acetic anhydride and sodium acetate, yields 
Triacetyl-phimtyl'COUMarin, CbHmO* which melts at 173* C,, 
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and from which trikydroxy-phlontyl-coHmarin, Q t Ki« 0|, melting at 
jij° C., may be obtained by hydrolysis. 

Trimthyl-phlorctin, C 1S H K 0 5 , yellow plates, melting-point 15a* 
C., obtained by treatment of phloretin with methyl iodide and methyl 
alcoholic caustic potash, is accompanied, in the reaction product, by 
Tetramethyl-phlorctin, Ci e Hs, 0 5 , which can be obtained from the 
mother liquors after the separation of the trimethyl ether. It forms 
yellow plates, melting-point 58° C., and by treatment with hydriodic 
acid loses one methoxy group, passing to the trimethyl ether. 

A. G. Perkin and Martin (Chem, Soc. Trans., 1897, 115s) 
have prepared the following dis-azo-derivatives of phloretin:— 
Phlorttin-disazo-benzene, C li H 12 0 6 (C(H s N2)2, produced by adding 
excess of a solution of diazobenzene sulphate to a solution of 
phloretin in aqueous sodium carbonate, and consists of glistening 
red needles, melting-point 254—256° C. (decomp.). To thisjjpm. 
pound Perkin assigns the structure— 


OH 



I 

N = N—Ph 


When acetylated by boiling with acetic anhydride and sodium ace¬ 
tate this substance yields acctyl-phloretin-disazo-bcnztne, orange-red 
needles, melting-point a 17—219°. This product is sparingly soluble 
in acetic acid, and does not dissolve readily in cold dilute alkalis, but 
warm alkalis dissolve it, forming orange-red solutions which deposit 
the free azo compound on acidification. 

Pkloretin-disazo-o-ioluene crystallises in red needles, melting-point 
250—*51° C. 


Maclurin. 

This substance occurs, together with morin, in the wood of the 
tropical tree Chlorophora tinctoria (Gaudich), which comes ipto com¬ 
merce as "Old Fustic 

The colouring matters of old fustic were first investigated by 
Chevreul (“ Le$ons de chimie appliquie it la teinture,” il, 150), 
who described two substances, one sparingly soluble in water, called 
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morin, and a second somewhat more readily soluble. Wagner 
(Jour. f. pr. Chemie, (i), 51, 82) termed the latter nwrilannic 
acid, and considered that it had the same percentage composition 
as morin. Hlasiwetz and Pfaundler (Annalen, 127, 351), on the 
Other hand, found that the so-called moritannic acid was not an acid, 
arid as moreover its composition and properties were quite distinct 
from those of morin, they gave it the name “ Maclurin ”. 

When morin is precipitated from a hot aqueous extract of old 
fustic by means of lead acetate the solution contains maclurin. 
After removal of lead in the usual manner, the liquid is partially 
evaporated and extracted with ethyl acetate, which dissolves the 
colouring matter. The crude product is crystallised from hot water 
or dilute acetic acid (Perkin and Cope, Chem. Soc. Trans., 2895, 
67, 943). A crude maclurin is also obtained during the preparation 
of iJStic extract, partly in the form of its calcium salt, and this pro¬ 
duct may be purified with dilute hydrochloric acid and crystallised 
from water. In order to decolorise the crystals, acetic acid is added 
to a hot aqueous solution and a little lead acetate in such quantity 
that no precipitate is formed, and the solution is then treated with 
sulphuretted hydrogen. The clear liquid thus obtained is much less 
strongly coloured, and after repeating the operation two or three 
times, the maclurin, which crystallises out on standing, possesses 
only a pale yellow tint. 

Maclurin, to which the composition C 13 H U 0 # was assigned by 
Hlasiwetz and Pfaundler (Jahresber., 1864, 558), consists, when 
pure, of almost colourless needles, which contain one molecule of 
water of crystallisation ; the anhydrous compound melts at 200° C. 
(Wagner, Jahresber., 1850,529). The colouring matter is somewhat 
soluble in boiling water, is soluble in aqueous alkalis, forming pale 
yellow solutions, whilst with ferric chloride its aqueous solutions give 
a greenish-black coloration, and with aqueous lead acetate a yellow 
precipitate, which is soluble in acetic acid. When boiled with 
potassium hydroxide maclurin yields phloroglucinol and protocafe- 
chuic acid. 

, Ecntabenm!-maclurin, which melts at 155— 

156° C., was prepared by KOnig and v. Kostanecki (Ber., 1894, 27, 
1996), and tribrom-madurin, CijHjBrjOj. HjO, colourless needles, 

^j&eLrin-ptntamclkyl-ethcr, C 1 jH 8 0 ( 0 CH,)j, forms colourless 
leaflets which melt at 15-7° C. 

Kdmg-and v. Kostanecki first assigned to maclurin the constitution 
of a pmta-hydroxy-bentophcnont :— 
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This is supported by the synthesis by W. H. Perkin and Robinson 
(Che'm. Soc. Proc., 1906, 22, 305), and somewhat later by v. 
Kostanecki and Tambor (Ber., 1906, 39, 402a), of maclurin penta- 
methyl ether, by the interaction of veratric acid and phlorogludnol 
trimethyl ether in the presence of aluminium chloride. The re¬ 
action may be represented thus 

OCHj » 

I 

A + HOOC YN-OCH, _ ^ 

CHjO-kJ-OCH, IJ-OCHj 

OCH» 

A—CO-A-OCH a + Ha0 

CH 3 0-A“ OCH a V-° CHS 

Maclurin-pentamethyl-ether. 

When maclurin pentamethyl ether is digested with alcoholic 
potash and zinc-dust, leucomaclurin-pcntamcthyl ether (v. Kostanecki 
and Lampe, Ber., 1906, 39, 4014) is produced, prismatic needles, 
OCHj 
! 

0 --CH(OH)-/\-OCH, 

—OCHs \J—OCHj 

melting-point 109—110° C., and this on further deduction gives 
penta-methoxy-diphenyl-methane, melting-point 107—io8°C. On the 
otljer hand, if leucomaclurin-pentamethyl ether is oxidised in acetic 
add solution, veratric acid and dimethoxy-bcnzoquinone are formed. 

By treatment of maclurin with acetic anhydride and sodium 
acetate, Ciamician and Silber (Ber., 27, 1628, and a8, 1393) 
obtained a crystalline product which has the composition of a 
ptjnta-acetyl-maclurin less one molecule of water, viz. CjjHtjOio, and 
to this compound the following constitutional formula has been 
ascribed, one of the acetyl groups having undergone condensation 
with the production of a coumarin derivative, tetra-acetyl-tetra- 
hydroxy-phtnyl-eoumarin :— 

Ti; 
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Patent Fustin. —Under the name “ patent fustin ” a colouring 
matter has been placed on the market, which consists chiefly of diazo- 
benzene-maclurin (C. S. Bedford, 1887 ; Eng. Pat. 12667). To pre¬ 
pare this substance, old fustic is extracted with boiling water, the 
solution is decanted from the precipitate of morin and its calcium 
salt which separates on cooling, and is neutralised with the necessary 
quantity of sodium carbonate. Diazobenzene sulphate is then added 
until a precipitate no longer forms, and this is collected and washed 
withwater. It is sold in the form of a paste, and dyes chrome 
moraanted wool an orange-brown shade. 

Diazobthzmt-maclurin (Bedford and Perkin, Chem. Soc. Trans., 
1895, 67, 933; ibid., 1897, 71, 186), which crystallises in salmon-red 
prismatic needles, melting-point 270° C. (decomp.), has the following 
constitution 

OH 

I 

C ( H S —N = N-/\-CO-/VOH 

HO——° H Y _0H 

I 

QH S —N = N 

It dyes wool and silk direct from a weakly acid bath, in shades 
of orange, and on mordants gives colours varying from orange-red on 
aluminium and orange-brown on chromium, to olive on iron. The 
dyeings are fairly fast to washing. 

With acetic anhydride it. yields a tri-acetyl derivative only, 
C„HA(C,H 5 N 2 ) 2 . (C 2 H 3 0 )j, orange-red needles, melting-point 
240—243° C. (decomp.), which is in keeping with the feet that 
aaobenzol-phloroglucinol yields only a mono-acetyl derivative when 
treated in like manner. 

JDis-azo compounds of maclurin have also been prepared by 
coupling it with diazotised o- or /-toluidine, /-nitramline, or sul- 
phanilic acid, and the resulting compounds closely resemble the 
above described disazobenzene-maclurin. 

Dyeing Properties of Madurin. —With aluminium mordant mac¬ 
lurin gives a pale yellow, with chromium a yellow-green, and. with 
iron a weak grey colour may be obtained. 



CHAPTER IV. 


THE XANTHONE GROUP. 


Introduction—Xanthone—Indian Yellow (Euxanthone)—Gentian Root 
(Gentiaan). 


y-PYRONE Groups. 


The majority of the natural yellow colouring matters are derived 
either from xanthone (t) or flavone (2)— * s9 



and the general properties of these compounds are due to their 
possession of the y-pyrone nucleus (3). Colouring matters, on the 
other hand, containing the a-pyrone group (4), are as yet but little 
known, for hitherto only one, daphnetin , a dihydroxycoumarin, has 
been proved to exist (5)— 


(3) 


/°\ 

CW X CH 
II II 

CH. ,CH 

X CO / 


(4) 


zw x co 
II I 
CH. XH 

X CH^ 


(S) 


OH 

OH/\/ ° \CO 

U\ ch /ch 


y-Pyrone itself is the anhydride of a 1:5 dihydroxy 3 ketone and has 
been prepared synthetically by Claisen (Ber., 24, 118) from acetone 
dioxalic (chelidonic) ester— 


CO 


^CHj.COQEt 

\:H,.COOEt 
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the natural organic COLOURING MAT fans 
This on treatment with fuming hydrochloric acid is converted 

into 2:6 y-pyrone dfcarboxylic add (6)— 

,CH=C.OH.COOEt ,CH= C^-—COOH 

C 0 ( ' (6) CO( )0 

X CH=C. OH. COOEt n CH C <—COOH 


which passes on heating first into comenic acid (7) and subsequently 
into y-pyrone (8)— 


- C. / 


COOH 


yCA— C 




(7) C0( / 

X CH =CH 7 


,CH = CH V 

(8) CO( >0 


CH = CH 




y-Pyrone is colourless and melts at 32'5°. 

The readiness with which many compounds containing the y- 
pyrone or y-pyran nucleus (8)— 

/CH 

(8) CH / 

X CH 

yield with mineral acids well-defined crystalline salts has long been 
known, having been observed in case of the phthaleins by Baeyer 
(Annalen, 1876, 183, 1), Fischer (Annalen, 1876, 183, 63), 
Nietzki and SchrOter (Ber., 1895, 28, 50), by Perkin and Hummel, 
with hsematein and brazilein (Ber., 1882, 15, 2337), and by 
Perkin with the flavones (Trans., 1896, 69, 439). These salts, 
which may be represented as addition products of the dyestuff with 
one molecule of mineral acid, are in general more highly coloured 
than the substances from which they are derived, and are, as a rule, 
very unstable in the presence of water. Various formulae were at 
the time assigned to these compounds which appeared to possess a 
quinonoid structure. Collie and Tickle (Chem. Soc. Trans., 1899, 
75, 710), however, observed that dimethyl y-pyrone— 

•• /C.CH,- 

co< 

X C.CH„- 

itself yields in this manner crystalline salts, as for instance- 
QHAHCl; CjHAHNOriCrHAJs; H 5 PtCh, and suggested for 
the first time that their existence is to be ascribed to the quad* 
rivalence of the oxygen atom. The experiments of Werner (Ber., 
3441901, 33) supported this view, and it was subsequently shown 
by Baeyer and Villiger (Ber., 1901, 34, 2679) that all classes of 
organic compounds containing oxygen yield salt-like derivatives 
with complex acids, though the formation of compounds of this char¬ 
acter with simple acids is of rarer occurrence. 



CH. 

CH>° 
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The phenolic colouring matters most distinctly reactive in tbit 
respect Me those containing a ypyrone or ypyran nucleus, or an 
allied grouping, as, for instance, the keto-coumaran (coumaranone) 
derivatives of Friedlander and Rudt (lac. at.)— 



\ 

CH, 


\CO/ 


Not only mineral acids, but also simple organic acids may react 
in this manner, though the products derived from the latter are less 
easy to isolate. 

With the haloid acids hydroxy anthraquinone derivatives do not 
appear to give oxonium salts, but the colour change which alizarin 
and other colouring matters of this group undergo by solution in 
strong sulphuric acid, is evidence of the formation of the fibre- 
sponding sulphate. Except in the case of rufigallic acid (private 
communication—Perkin), which thus forms a beautiful crystalline 
sulphate, but from which, however, excess of sulphuric acid cannot be 
satisfactorily removed, no other oxonium salts of the anthraquinone 
series have as yet been isolated. Oxonium salts of the simple 
hydroxy ketones with mineral acids are also difficult to prepare. 

A second reaction, possibly due in its inception to the formation 
of oxonium compounds, is the behaviour of phenolic colouring matters 
in general in the presence of alcohol towards the alkali salts of 
numerous organic acids, more especially those of acetic acid (Perkin, 
Chem. Soc. Trans., 1899, 75, 433; 1903, 83, 130), In this manner 
the monopotassium salt of the colouring matter is, as a rule, obtained, 
but in certain cases the reaction does not proceed so far, there being 
produced an addition compound with the acetate or other alkali 
organic salt. These latter, which it is suggested are oxonium salts 
of the type— 

K. X'jHjOi 

>or 


may represent the first stage of the reaction in all cases, the com¬ 
pound ultimately suffering conversion with liberation of acetic acid 
into the mono-alkali salt above referred to. These two reactions 
have proved of considerable service in the past, not only for the iso¬ 
lation of natural colouring matters, but as an indication of their 
molecular weight. 


rat 
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Chromone. 

Colouring matters derived from chromone or pheno y-pyrone (r), 
the analogue of coumarin (a)— 

• /\/°\CH 

W f I! (*) 

V\co/ CH 

or pheno a-pyrone, have not as yet been found in nature, though 
an hydroxy chromone (i) analogous to daphnetin (2) will no doubt 
possess dyeing properties and yield a yellow shade on aluminium 
mordant— 


/\/ 0 \CO 
\/'\ch/ CH 


OH 


(>) 


OHi 


OH 

oh' / \ / x ^ r 0 


■■/\y \ch 

U\C0/CH ^\A CH A 


Chromone is more specially interesting in connection with this subject 
owing to the isolation of the 3 hydroxy-chromonol— 

\/\C0/ C - 0H 


by Schall and Dralle (Ber., 1881, .2t, 3009) as one of the products 
of the alkaline oxidation of brazilein. Benzo y-pyrone derivatives 
were first synthesised by v. Kostanecki (Ber., rgoo, 1998), but the 
synthesis of chromone itself is due to Ruhemann and Stapleton 
(Chem. Soc. Trans., 1900, 1179). When phenoxyfumaric acid (1) 
is treated with sulphuric acid benzo y-pyrone carboxylic acid is pro¬ 
duced (a)— 


(») 


C e Hj—0—C—COOH 

II 

HO. CO—CH 


(*) 


C,H, 


/ ° \C—COOH 


\co/ CH 


and this when heated in a vacuum yields benzo y-pyrone— 

/ ° \CH 
C.H, || 

\C0/ CH 

It crystallises in colourless needles, melting-point 59°, and its yellow 
solution in cold sulphuric acid possesses a blue fluorescence. An 
account of other synthetical methods applicable to chromone deriva¬ 
tives, which are of the same character as those employed for the 
preparation of flavone compounds, is given in the section devoted to 
these latter colouring matters. 
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Xanthome. 


Xanthone or dipheno ypyrone-^- 

A /0x 


V 


\C 0 / 


known also as diphenylene ketone oxide, benzophenone oxide, carbo- 
diphenylene oxide, C 13 H # Os, was first prepared by Kolbe and Lauter- 
mann (Annalen, i860, 115, 197), by the action of phosphorus oxy¬ 
chloride on sodium salicylate and has been subsequently obtained 
from salicylic acid and its derivatives by the employment of various 
dehydrating agents. The most convenient method consists in distil¬ 
ling a mixture of acetic anhydride and salicylic acid (W. H. Perkin, 
Chem. Soc. Trans., 1883, 43, 35 ; cf. also Graebe, Annalen, 254, 
265), when the higher boiling fraction on cooling deposits crggtals 
of xanthone. During the reaction some phenol is produced and 
is indeed found to some extent in the distillate, and the reaction 
though probably more complex, may be considered to consist of the 
condensation of phenol and salicylic acid with formation of the 
xanthone. 



Phenyl salicylate (Siefert, J. f. prakt. Chem., (ii.), 31,472) by long 
digestion at the boiling temperature yields xanthone, and it is glso 
produced when salicylic acid phenyl ether, COOH. C t H,. 0 . C # H # , 
is warmed with sulphuric acid (Graebe, Ber., 21, 503). Other methods 
of this type have been described by Richter (J. f. prakt. Chem., (ii.), 
28, 275), Jeiteles (Monatsh., 17, 66), Staedel (Annalen, 283, 179), 
Goldschmiedt (Monatsh., 4, 123), and Klepl (J. f. prakt. Chem., 
(ii.), 28, 217). Fosse (Comptes rend., 1903, 136, 1006) has also 
obtained xanthones by warming the phosphoric esters of phenols with 
potassium carbonate. For the theory of xanthone formation the 
paper of Strohbach (Ber., 34, 4136) should be consulted. Ull- 
mann and Zlokasoff (ibid., 1905, 2111), by the interaction of sodium 
phenoxide and sodium o-chlorbenzoate in the presence of copper 
powder, obtained o-phenoxybenzoic acid (1) which by elimination of 
water passes into xanthone (2). 



1 


\COOH 
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Xanthones of the anthraquinone series canbe prepared by the 
action of condensing agents on phenyl, naphthyl, or anthraqninonjrl 
esters of r hydroxyanthraquinone a carboxylic acids (D.R.P. 35x696). 

Xantbone crystallises in long colourless needles, melting-point 
*73—*74® and dissolves in sulphuric acid to form a blue fluorescent 
liquid. The oxonium salts xattlhont hydrobromide, C u H 9 OjBr, and 
xanthone stannichloriie, (C SJ H 8 0 2 ) 2 SnCl 4 , "have been obtained by 
Gombergand Cone (Annalen, 1910, 376, 183). By distillation with 
sine-dust or by the action of fuming hydriodic acid at 160°, it is con¬ 
verted into xanthene (methylene diphenylene oxide) or dipheno 
y-pyran— 

O'"' 

X/NCH,/ 

whiefeT may also be regarded as the anhydride of 2'a 1 dihydroxy- 
diphenylmethane. By oxidation with chromic acid, xanthone can 
be reproduced (Merz and Weith, Ber., 14, 192). With boiling 
alcoholic soda and zinc-dust xanthone gives xanthydrol (Meyer and 
Saul, Ber,, 26, 1376)— 

fr°"~ 

\y\CH. oh/ 




and with zinc-dust and acetic acid dioxy-xanihylene (Gurgenganz 
and v. Kostanecki, Ber., 28, 2310) is produced— 


/°\ 

c ' H 'C> 


C.H* 


Fusion with alkali gives xanthonic acid , dihydroxybenzophenone 



and front this by means of dehydrating agents xanthone can again 
be reproduced. The disruption of die ypyrone ring in this manner 
by the action of hydrolytic agents is characteristic of compounds con¬ 
taining this and the y-pyran nucleus. In the flavone group this 
hydrolysis takes place even more readily, and to this to some extent 
134 
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may no doubt be ucribed the tack of permanence of these colonring 
matters when applied to fabrics as compared with those of the 
antbraquinone group. 

Interesting is the fact that when ketone colouring matters, and 
indeed all hydroxyketones, are alkylated in the usual manner with 
alkyl iodide and alcoholic potash, the hydroxyl in the ortho position 
to the carbonyl group remains unaffected, a fact which may be con¬ 
sidered as an example of steric hindrance. This, at first pointed out 
by Herzig (Monatsh., is, 161) in connection with the ethylation 
of euxanthone (dihydroxyxanthone) and quercetin, was observed by 
v. Kostanecki and Drelier (Ber., 26, 71) to be the property of 
all xanthones containing hydroxyls in the position r or 8, 

oco 

and the non-reactivity of the hydroxyl in this position has served in 
many cases as an indication of the presence of a carbonyl group. 
Such partially methylated compounds are as a rule insoluble in 
aqueous alkali, but give with alcoholic potash insoluble salts, which 
are readily hydrolysed with water. It has, however, been shown 
by Perkin in special instances that the alkylation of this hydroxyl 
group can be readily effected if a considerable excess of the re¬ 
agents be employed, and it is probable that this method is of a 
general application (Chem. Soc, Trans., tgt3, to3, t6ja). 

a-Dinitroxanthone, melting-point 190'' (Richter, loc. eit.; Graebe, 
loc. cit.), b-dinitroxanthonc, melting-point 262° (Perkin, Chem. Soc. 
Trans., 43, 189), a-diaminoxanthone, melting-point 209° (Graebe), 
b-diaminoxanthone (Perkin), xanthonc dim!phonic acid (Perkin), mono- 
bromxanthonc, melting-point t25—t27° (Graebe), dibromxanihont, 
melting-point 2ta° (Perkin), xanthoncphenylimine, melting-point 134 
—135°, and xanthonc oxime (Graebe and ROder, Ber., 32, 1689) 
have been directly prepared from xanthone. 

3 Nitro-xanthonc, melting-point 176°, 3 chloroxanthone, melting- 
point 171* (Ullmann and Wagner, Annalen, t907, 35s, 359), 

3 amino xanthonc, melting-point 232°, 3 metfoxyxanthone , melting- 
point 129', 3 hyiroxyxanthonc , melting-point 243°, 1 hydroxyxanthonc, 
melting-point 147° (Ullmann and Panchaud, ibid., 350, 108), 2.4 
dinifroxanthonc, melting-point ao6'-^Ullmann, ibid., iqw), 366, 79), 

4 chhroxanthcmc , melting-point 130", 4 bromoxanthonc, melting- 
point 126° (Gomberg and Comv ihid., 1909, 370, 142), xanthiont, 
melting-point t56° (Graebe and Roder)— 

nt 
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and dithioxanthone- 


x c,H/ 


■CS 


S( )CS 
x c s H/ 


have been obtained indirectly. 

A general method for the preparation of the hydroxyxanthones 
consists ofcdistilling a mixture of a phenol.and an o-hydroxy-carboxylic 
act with acetic anhydride, and this has been employed in numerous 
syntheses. In this manner r hydroxyxanthont (Michael, Amer. 

em. Soc., 5, 91, Graebe, Annalen, 54, 590), melting-point, 
140—147 , 1 hydroxyxanthont (v. Kostanecki and Rutishauer, Ber., 
»5, 1648), melting-point 331°, 4 hydroxyxanthont (v. Kostanecki and 
Rutehauer), melting-point 224°, 3 hydroxyxanthont (v. Kostanecki 
and Nessler, Ber., 34, 3981), melting-point 243 0 , 3:6 dihydroxy- 
xanthoni (isoeuxanthone) (v. Kostanecki, ibid., 18, 1986), melting- 
point 343”, 2 : 5 dihydroxyxanthone (v. Kostanecki, ibid., 27, 1991), 
melting-point 280°, and gentisin and tuxanthone, the two natural 
representatives of this group, have been prepared. 

These latter are both feeble dyestuff's, and this is explained by 
the fact that they do not possess two hydroxyls in the ortho position 
relatively to one another. Graebe and Eichengrun (Ber., 1891, 24 
969) obtained such a compound (1), 3.4 dihydroxy-xanthone by 
heating a.3.4.2 1 tetrahydroxy-benzophenone (2) with water at 
l8o—220°— 



(a) A 


/ C0 \/\ 


\/ 0 H OH-^/OH 


0H 

This melts at 240, is a strong dyestuff giving on aluminium 
mordant yellow, and on iron mordant greyish-black shades. The 
position of the ortho-hydroxyl grouping is, however, of importance 
in that the 2.3 dihydroxy-xanthone of Liebermann and r,ind »nhaum 
(Ber., 1904, 37, 2738)— 

S/ C0 V 


W 


iOH 

K)H 


sr,d which is produced by the interaction of bydroxy-quinol and 
Mlicylic anhydride ii» the presence of sulphuric add, is practically 
ia6 
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. 

devoid of dyeing property. As is well known, a similar distinction ^ 
to be observed between alizarine (r) and hystazarine (a)— 



and it is of interest that similar rules (cf. Liebermann and v. 
Kostanecki) to those which are applicable to the hydroxy-anthra- 
quinone dyestuffs, also hold good with the xanthone colouring 
matters. On the other hand, it will be observed later oh, notably 
in the flavonol group of colouring matters, that ortho hydroxyls are 
not entirely essential for dyeing property. The statement by Tschirch 
and Polacco (Arch. Pharm., 1900, 238, 459) that a trihydroxy- 
xanthone rhamnocitrin occurs in the berries of the Rhamnus cgthar- 
ticus has been shown by Oesch and Perkin (Chem. Soc. Trans., 
1914, 105, 2350) to be incorrect. 

Indian Yellow. 

Indian yellow, Piuri, Purree, or Pioury, is a pigment mainly used 
in India for colouring walls, doors, and lattice-work, and by artists 
for water-colour work. On account of its disagreeable smell it is but 
rarely employed as a dyestuff. It is, or was, made almost exclusively 
at Monghyr in Bengal, and is obtained from the urine of cows which 
have been fed upon mango leaves. On heating the urine, usually in 
an earthen pot, the colouring matter separates out; this is pressed 
into a ball and dried partly over a charcoal fire and finally in the sun. 
It sold on the spot at about 1 rupee per lb. and is, or was, mainly 
sent to Calcutta and Patna. One cow produces, on the average, 
3 4 litres of urine per diem, yielding 2 oz. (56 grams) of piuri. The 
yearly production is stated to have been from too to 150 cwts., 
which was probably over-estimated (». Journ. Soc. Arts, 1883, (v.), 
32, 16, and Annalen, 254, 268). 

Piuri occurs in commerce in the form of round balls, which in¬ 
ternally are of a brilliant yellow colour, whereas the outer layers are 
either brown or of a dirty green colour. The substance has a 
characteristic urinous smell. The undecomposed part consists only of 
tuxanihie acid (CuHnOn) in the form of a magnesium or calcium 
salt; the outer and decomposed portion contains in addition 
euxanthone, both free and combined. The composition of piuri 
seems to be variable; a fine sample, according to Graebe, contained 
ray 
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Euxanthic acid . . . , - . 

■ jro 

Silicic acid and alumina 

■ t'S 

Magnesium. 

• 4 - « 

Calcium. 

■ 3‘4 

Water and volatile matter 

• 39 '° 


99 ’* 


Euxanthic acid is easily obtained by digesting piuri of good 
quality with dilute hydrochloric acid and treating the residue with a 
solution of ammonium carbonate. On the addition of hydrochloric 
acid to the filtered solution euxanthic acid crystallises out with 
jHjO in glistening straw-yellow needles, melting at 162°. Euxanthic 
acid is, according to Spiegel, decomposed by hydrochloric acid into 
glycuronic acid and euxanthone— 

'■ Ci S H 18 O u =» CijHjOj + C # H w O; 

KttU, in order to prove the animal origin of euxanthic add, gave 
euxanthone to rabbits and dogs, and was able to detect euxanthic 
acid in the urine. Kiilz’s experiments did not corroborate Schmid's 
statement that mangostin -(obtained from Gardnia mangostana , 
Linn.) is similarly converted into euxanthic acid by animals (E. 
Kiilz, Zeitsch. Biol., 33, 475; J. Soc. Chem. Ind., 6, 507). 

Although the potassium and sodium salts of euxanthic acid are 
of the type Ci«H 17 OnM, the silver salt obtained from the potassium 
salt by silver nitrate has the composition C])H 18 O 10 Ag, and is de¬ 
rived from an anhydride of the acid (anhydroeuxanthic acid); the 
methyl and ethyl esters prepared from the silver salt are of the same 
type (Graebe, Ber., 1900, 53, 3360). 

Potassium euxanthate, C 19 H 17 O u K, H2O, crystallises readily from 
water, and is prepared by neutralising euxanthic acid with potassium 
carbonate. 

Magnesium euxanthate, C )t H 1( O u Mg, 5H a O, is the main con¬ 
stituent of Indian yellow (Graebe, Annalen, 254, 268). 

Barium euxanthate , Ba(C 19 H 17 O u )i, 9H2O, is soluble in boiling 
Water, and on cooling separates in the gelatinous condition. 

Silver anhydroeuxanthate , Ci 6 H. 5 0 1( |Ag, behaves similarly. 

Etkylanhydroeuxanthatc, C 1# H 1s O 10 CjH 5 , yellow-coloured needles, 
melts at 198°. 

Tetra-atetyiethylanhydroeuxanthate , Cu H u 0 IS Cj Hj (Cj Hi 0 )j, 

. colourless needles, melts at a 16°. 

Methyl anhydroeuxanthate , t: l# H 15 O ia CHi, melts -at a 18°, and 
^.closely resembles the ethyl derivative. 
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Bmoyl-ankydroeuxanthate, C»HuQio(CO— 1 C # H 5 )j, melts at 194*, 
but has not yet been crystallised. 

The constitution of euxanthic acid is expressed by Graebe 
(Annalen, *54, 267) as 

OH. C,H/ ° \QH 3 .0 . CH . OH(CHOH) 4 . COOH, 
\XK 

whereas for that of anhydroeuxanthic acid one of the following two 
formul* is suggested 


.OX 

(1) OH . C,h/ )C,H 3 . O. CH . CHOH . CH(CHOH),. CO,H 
Vo/ 


(*) 


CO. 

O.C,H,( >C # H ,.0 

I X ° X j 

CH-CHOH-CHOH 


CH. (CHOH) a . COOH 

Euxanthone, Purrenone, Purrone, O.H.O,. was first obtained by 
Stenhouse (Annalen, 51, 425), and soon afterwards by Erdmann 
(ibid., 52, 365) from euxanthic acid. It crystallises in pale yellow 
needles or laminae, melting at 240” (corr.), which sublime with little 
decomposition on gentle heating. 

Diacetyl-euxanthone , pale yellow prisms (Salzmann and Wichel- 
haus, Ber., 1877, to, 1397), melts at 185°. 

By distillation with zinc-dust (Salzmann and Wichelhaus; Graebe 
and Ebrard, Ber., 16, 75) euxanthone gives methylcnediphenylene 
oxide (1), which by oxidation is converted into xanthone (2), indi- 

M .nn«(x #ri 


Vh/ 


; \co/V 


eating that euxanthone possesses the constitution of a dihydroxy- 

OH 

/C«H,V 

Kan ,) 0 


\ 


OH 


iumthom (Salzmann and Wichelhaus). 
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When fused with alkali euxanthone yields euxanthonie add, 
/° H HO x 

\A CO / 



hydroquinone (v. Baeyer, Annalen, 155, 257), and resorcinol 
(Graebe, ibid., *54, 265). 

The first synthesis of euxanthone is due to Graebe (he. at.) who 
accomplished this by distilling a mixture of / 3 -resorcylic acid and 
hydroquinone carboxylic acid, and it was shown later by v, Kostanecki 
and Nessler (Ber., 1891, 24, 3983), that if in this reaction the 
^ 3 -resorcylic acid is replaced by resorcinol the same product is ob¬ 
tained. As the result of these syntheses two constitutional formulae 
for euxanthone were possible— 



When methylated by means of methyl iodide in the usual manner 
(v. Kostanecki, Ber., 1894, 27, 1992), euxanthone yields only a 
monomethyl ether, C ls H- 0 3 ( 0 CH # ), (yellow plates, melting-point 
129°), and this on treatment with strong sodium hydroxide solution 
gives an insoluble yellow sodium salt. The latter, by washing with 
water, is decomposed with regeneration of the free monomethyl ether. 
These reactions indicate that euxanthone contains an hydroxyl in the 
ortho position to a carboxyl group (cf. also Herzig, Monatsh., 12, 
t6t), and that, therefore, its constitution is represented by formula 
(a). The final proof of this formula is afforded by a later synthesis 
of euxanthone (Ullmann and Panchaud, Annalen, 350, 108). 

a-Chloro-6-methoxybenzoic acid is condensed with the potassium 
derivative of hydroquinone monomethyl ether, employing copper 
powder as a catalyst— 
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The resulting 4-raetboxy-a-phenoxy-6-methoxy-be azoic acid when 
treated with concentrated sulphuric acid is converted into euxanthone 
dimethyl ether— 


OCH a 



and this by treatment with aluminium chloride in the presence of 
benzene gives euxanthone. 

According to Neirenstein (Ber., 1913, 46, 649) by oxidising 
euxanthone with chromic acid the quinone 


O 


/°\ 


Vo/ 


H 


is produced. This consists of dark red needles soluble in alkali with 
a blue coloration, and on reduction is converted into 2:5:8 tri- 
hydroxy-xanthone, pale yellow needles, melting-point 328—330°. 


6V 


The triacetyl derivative melts at 226—230". 

Disazobtnzene-tuxanthone, C 1J H # 0 4 (C # H 5 Nj)2, (Perkin, Chem. 
Soc. Trans., 73, 666), red needles, melting-point 249—250° (de¬ 
comp.), is readily prepared by adding diazobenzene sulphate to 
a weak alkaline solution of euxanthone, 

Acctyldisazobenzcne - euxanthone, ochre-yellow needles, melts at 
197—199°. 

Euxanthone possesses only feeble tinctorial properties; the respec¬ 
tive shades obtained with woollen cloth mordanted with chromium, 
aluminium, and tin being dull brown-yellow, pale bright yellow, and 
very pale bright yellow (Perkin and Hummel, Chem. Soc. Trans., 
1896, 69, 1290). 

Gentian- Root. 

The Gentiana lutea (Linn.), from which the gentian root is 
derived, chiefly occurs in mountainous districts, especially in 

* 3 * 
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Switzerland and the Tyrol. There is present in the root of this arid 
other species of gentiana a bitter principle which is said to possess 
valuable tonic virtues, and on this account some quantity of the 
material is imported into this country for medicinal purposes. 

.Gentisin, the colouring matter of gentian root, was first isolated 
by Henry and Caventou (J. Pharm. Chim., 1821, 178), and was 
shown by Baumert (Annalen, 62, 106) to possess the formula 
C m Hio 0 5 . Hlasiwetz and Habermann (ibid., 175, 63; 180, 343), 
somewhat later, found that gentisin contains two hydroxyl groups, 
and that, when fused with potassium hydrate, phlorglucinol and 
gentisic acid (hydroquinone carboxylic acid) are produced from it. 
By the action of hydrochloric acid on gentisin, methyl chloride 
was evolved, a probable indication of the presence of a methoxy 
group. To prepare gentisin (Baumert, loc. tit. ), the root is well 
washed with water, then extracted with alcohol, and the extract 
evaporated to a small bulk. The residue is washed with water to 
remove the bitter principle, and then with ether to extract plant wax. 
For purification, the crude colouring matter is repeatedly crystallised 
from alcohol; 10 kilos, of the root yield about 4 grams of the sub¬ 
stance. Gentisin crystallises in yellow needles, is sparingly soluble 
in alcohol, and dissolves in alkaline solutions with a yellow colour. 

Gentisein, C u H 8 0 6 , 2H2OWhen gentisin is digested with boil¬ 
ing hydriodic acid, it is converted into gentisein with evolution of 
1 molecule of methyl iodide. Gentisein consists of straw-yellow 
needles, melting at 315°, and gives with sodium amalgam a blood- 
red coloration, whereas gentisin, by a similar method, yields a deep 
green coloured liquid (v. Kostanecki, Monatsh,, 12, 205). By the 
action of acetic anhydride, gentisein is converted into the triacetyl 
derivative, C ls H s O{(C 2 H s O) s , needles, melting-point 226° (v. Kosta¬ 
necki, loc. tit.) ; but on methylation with methyl iodide, a dimethyl 
ether, C u H s 0 2 ( 0 H)( 0 CHj) 2 , yellow needles, melting-point 167°, is 
produced (v. Kostanecki and Schmidt, Monatsh., 12, 318). 

Partial methylation converts gentisein into gentisin, and it is 
thus certain that the latter consists of gentisein monomethyl ether. 
v. Kostanecki and Tambor (Monatsh., 15, 1) obtained gentisein by 
distilling a mixture of phloroglucinol and hydroquinone carboxylic 
acid with acetic anhydride— 



ia 
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and its constitution is therefore represented as i: 3 : 7 trikydroxy- 
xanthone. By a study of disazobcnzene-genrisin, ChHjO^CjHjN*)!, 
scarlfct-red needles, melting-point 251—*52' (Perkin, Chetn. Soc. 
Trans., 73, 1028), which gives the diacetyl derivative, 
C 14 HA(C 1 H, 0 ) ) (C,H 5 N 1 ) 1 , 

orange-red needles, melting-point 218—220°, it has been shown that 
gentisin itself possesses the constitution (1). 


(0 


OH~ 


/°\ 


n 


iOCH a 




OH 


(*> 


OCH,- 


7 Ss 'i 7 *\0H 


\co 7 


OH 


As gentisin-yields by means of methyl iodide only a monomethyl 
ether, the original methoxy group cannot be in the position (1). On 
the other hand, if gentisin is represented by the formula (a), the 
azobenzene groups would enter the positions 4 and 2, and from such 
a compound an acetyl derivative cannot be obtained in the ordinary 
manner (compare disazobenzene phloroglucinol). 

Gentisin is a feeble dyestuff, and gives on wool mordanted with 
chromium, aluminium, and tin, respectively, pale green-yellow, pale 
bright yellow, and very pale cream-coloured shades (Perkin and 
Hummel, Chem. Soc. Trans., 1896, 69, 1290). 



CHAPTER V. 


FLAVONE GROUP. 

Flavone — Natural Flavone — Diflavone—Poplar Buds—Parsley—Chamomile 
Flowers — Robinia pseud-acacia — Vitex lit! or alts — Sapor,aria officinalis— 
Lotus arabicus— Weld—Dyer’s Broom—Fukugi—Scoparin—Scutellarein— 
Coumaranone. 


Flavone, the mother substance of a large and very important group 
of natural colouring matters, 




I I CH 

^ / \o / 


has been synthesised by the following methods 

(a) Acetyl-a-hydroxybenzylideneacetophenone (i) yields the di¬ 
bromide (a) (Feuerstein and v. Kostanecki, Ber., 1898, 36, 1757)— 


0 — 0 —COCH a 

-CO—CH --CH . C # Hj 


—0—coch 3 

—CO—CHBr—CHBr—C # H 6 


and the latter, on treatment with alcoholic potash, is converted into 
flavone, according to the following scheme 


0 


/ 


0 HBr ; C— ii —C«H S 


\C 0 —HC—Bri 


/\/°\ 

C-C,H 6 


CH 


+ aHBr 
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(b) Again (v. Kostanecki and Tambor, Ber., 1900,33,330), ethyl 
o-ethoxybenzoate and acetophenone, in the presence of sodium, give 
o-ethoxybenzoylacetopbenone— • ■ 


CY°- Ei 

l i-CO—OEt 


+ CHj.CO- 


-O 


O—Et .. 

CO—CHa>-CO—<^~Q> + Et0H 


This compound, when digested with boiling hydriodic acid, giv$j 
flavone— 


/\ 

\/' 


-OH 

- co¬ 



ok hoc—<^ o> 


\/ 


-CO _CH 


o. 


/x/ VO 


CH 


+ H 2 0 




( c) Orthohydroxyacetophenone derivatives can be condensed 
with aromatic aldehydes with production of flavanones (dihydro- 
flavones)— 


0^*»0-0Cs-° 


On treatment with bromine bromflavanone is produced— 




and this by means of alkalis splits off hydrobromic acid and is con¬ 
verted into the Savone— 
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(v. Kostanecki, Levi, and Tambor, Ber., 1899, 32, 326). 

(d) More recently Ruhemann (Ber., 36, 1913, 2188) has 
employed for the synthesis of flavone the esters of / 3 -hydroxyaryl 
cinnamic acids. These may be prepared by the interaction of phenyl 
propiolic acid esters with sodium phenolates— 


CjH 4 . C:C. COOEt + NaO.C.H, 

= C«H 5 . C(OC,Hj): CNa. COOEt 
These esters are readily transformed into the free acids, the chlorides 
of which by means of aluminium chloride give the corresponding 
flavones. Thus / 3 -phenoxy cinnamic acid in this way gives flavone— 


,0, 


niAcfu / 0 \c • CjH 5 


^<J n 6 V" ■ M5 n 6 

II 

HOCO—CH 


V /CH 

x Or 


and substituted flavones can be readily prepared by the employment 
• of cinnamic acids containing other hydroxyaryl nuclei. Phenyl thio- 
cinnamic acid from thiophenol and phenyl propiolic acid ethyl ester, 
C 4 H s . C(SC 6 H 5 ): CH . COOH, in this manner yields thioflavone — 


/ 


S -C.C,H 5 


c,h 4 


N 'C0 / 


CH 


a compound which crystallises in yellow needles and closely resembles 
flavone. 

In case the / 3 -hydroxyaryl cinnamic acids are here replaced by the 
corresponding derivatives of fumaric acid, benzo y-pyrone (chromone), 
carboxylic acids are produced which readily evolve carbonic add 
gas with formation of chromone. Thus /J-phenoxy-fumaric add, 
COOH . C(OC # H s ): CH. COOH, gives benzo-y-pyrone (chromone) 
carboxylic add—* 

* Though chromone itself was first obtained by Ruhemann and Stapleton 
(lot. Hi), chromone derivatives had jteen prepared slightly eulie by v. 
Kostanecki (Bet., ’noo, 199S), who employed for this purpose methods 
similar to those he had foSnd serviceable for the sjmthesis of flavone compounds. 
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A/\ch 


U 


\ CO /C-COOH 


(e) Simonis (Ber., 1914, 47, 2329), again, has described another 
method for the synthesis of flavone. Whereas Pechmann and Duis- 
berg found that phenols could be condensed by means of sulphuric 
acid with the esters of / 3 -ketonic acids, to form a-pyrone (coumarin) 
derivatives, according to the following equation which illustrates the 
preparation of methyl-coumarin from phenol and acetoacetic ether 


/\_ H 

\/-° H 


OH—C. CH a 

+ Vh 

ROOT 


/\/ C \ CHs 

I CH 


Jo 


\/\q/ 


by employing phosphorus pentoxide as the condensing agent the 
reaction takes another course. Thus phenol and methylaceto-acetic 
ether in this way gives dimethyl-chromone (Petschek and Simonis, 
Ber., 1913, 46, 2014)— 

A-h or.co\ c .ch 8 /X/ C0 \c.ch, 

i ! + ii - 11 

^ J~OH HO—C—CH 3 \/\ Q /C.CH| 


Thus the diketone (x), (compare method (c) above) obtained by the interaction of 
o-methoxy-benzoic acid methyl ester, and acetone on treatment with hydriodic 
acid, gives S-methyl-chromone (2)— 


<») C,H ( ; 


/OCH, CO. CH, 

\ I 

X CO-CH. 


/°\ C -I 


(2) C,H, 


C-CH, 


\co/ CH 


Again, according to v. Kostanecki, Paul, and Tambor, the diketone (i) prepared 
from retacetophenone monoethyl ether and ethyl oxalate, on treatment with 
alcoholic hydrochloric acid gives 3 ethoxychromone carboxylic acid (a)— 


w 


EtO; 




\/ 


•OH CO.COOEt 
l-CO—CH, 




/ \c-COOH 


W CH 

Thl» when melted givea 3 ethyoxychromone (3), and by means of hydriodic ac^ 
can be converted into 3 hydroxychromone (4)— 


EtOf / V / °\cH , , OH/Y^ 0 ^ 


■CH 
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whereas benzoy-lacetic ether and phenol (ibid., 1914, 46, 2*3?) give 
flavone 

A-H OR. CO\ C H A/ C °\CH 

11 -> II 

. x/ -OH HO—C. C # H S \/\ 0 / CH C 8 H s 

Flavone crystallises from ligroin in colourless needles, melting-point 
97°, and is readily soluble in the usual organic solvents. Its solution 
in sulphuric acid is yellow and possesses a weak blue fluorescence. 

By the action of alkalis, flavone and hydroxyflavones suffer 
hydrolysis according to the following scheme 

The first product of the reaction owing to the disruption of the 
pyrone ring is the /1-diketone (a)— 


/\ 


(*) 


-OH HO—C—CjHj 


/\ 


\/ 


-CO- 


-CH 


•(•) 


-OH 


\ 


> 


CO—CjH 5 

r.I. b 

CO—iCH 2 


and this change may be regarded as the reverse of its synthesis 
according to method ip). The ketone then suffers further hydrolysis 
as shown by the dotted lines (a) into acetophenone and salicylic 
acid— 


c«h 4 


/ 

\ 


OH 

COOH 


+ 


CH 3 .CO.QH 6 


or (#) ff-hydroxy acetophenone and benzoic acid— 


C,H. 


/ 

\ 


OH 

CO—CH a 


+ 


COOH. C,H 5 


The products of the hydrolysis of naturally occurring flavone colour¬ 
ing matters have in the past been mainly instrumental in determining 
their constitution. 

All natural hydroxyflavones which have at present been carefully 
examined dye aluminium mordanted fabrics a yellow shade, the 
intensity of which is dependent upon the position of their hydroxyl 

groups. 

Thus chrysin 1 ; 3 dihydroxyflavone 


H0 A /0x ?-O 


OH 


,\co/ CH 
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and « pig«nin 1:3:4' trihydroxy flatone possess but feeble dyeing 
property,* whereas luteolin 1: 3 :3': V tetrahydroxy flavone is 
a strong colouring matter. Though Liebermann and v. Kostanecki s 
rule is in this' instance but partially applicable, it is evident that 
the dyeing property in the flavone group is only fully developed when 
at least two hydroxyls in the ortho position to one another are 
present. There is every reason to anticipate also that 83:4 
dihydroxy-flavone would, like luteolin, possess well-marked dyeing 
properties, and indeed such an arrangement may be present in 
scutellarein. Of the influence, however, of such a grouping in the 
positions 3': 3': 2:3 and 1: a, information is at present lacking, 
as compounds possessing these characteristics have as yet to be 
discovered. 

According to the quinonoid theory, it has been suggested that the 
flavone colouring matters, at least in the form of their lakes, may 
possess a paraquinonoid structure, which in the case of luteolin may 
be represented thus— 


OH 


/\/°V_ 


\/\c/ 

OH 


H 


C = 

I 

CH 


i 



and such a formula has been applied by Perkin (Chem. Soc. Trans., 
75, 433) t0 the monoalkali and oxonium salts of these compounds. 
A discussion of the quinonoid theory of colour, about which there is 
considerable diversity of opinion among chemists, hardly enters into 
the scope of this volume,f though the theory advanced by Watson 
(Chem. Soc. Trans., 1914, 105, 759) may be recorded here, in that 
it suggests an explanation of the lack of depth of colour possessed 
by the flavone dyes in comparison with those of the anthraquinone 
group, red, violet, blue, black, and brown being for instance deeper 
than orange and yellow. It is pointed out by Watson that dyes 
which are quinonoid in all possible tautomeric forms exhibit a deep 
colour, the opposite being generally the case with those which can¬ 
not be represented in this way. Numerous instances are cited to 

* The shades given by these and other feeble colouring matters of a similar 
type can be mote satisfactorily observed by employing mordanted wool rather 

than mordanted calico. . , 

f For a discussion of this and other theories concerning the influence ot 
constitution on colour, see Professor Watson’s " Colour in Relation to Chemical 
Constitution " in this series of monographs. 
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illustrate this point, for which the paper itself should he consulted, 
but an examination of the formula of luteolin and alizarin will render 
sufficiently clear the theory of this author— ^ 



Luteolin, the only flavone colouring matter possessing strong dye¬ 
ing property which has been carefully examined, gives shades possessing 
considerable fastness to light, and these are much more permanent 
than those given by the present known members of the flavonol group. 


Natural Flavone. 


Very interesting is the occurrence of flavone in nature (Muller, 
Chem, Soc. Trans., 1915, 107, 872). It is well known that many 
varieties of the primula possess on their flower stalks, leaves, and 
seed capsules a characteristic dust termed by gardeners “ meal" or 
" farina," and this is most pronounced on varieties recently obtained 
from China and Japan. This powder, examined by Hugo Mjiller 
who obtained it mainly from the P. pulverulenta and P. japonica , 
dissolves readily in benzene and boiling ligroin, and the concentrated 
solution on cooling became semi-solid owing to the separation of 
crystalline tufts. 

It possessed the formula C ls H 10 O s , melted at 99—100°, and on 
boiling with dilute sodium hydroxide gave slowly a yellow solution, 
with formation of a small quantity of acetophenone, and the latter 
could be obtained in greater quantity by the action of methyl 
alcoholic sodium hydroxide. Employing methyl alcoholic barium 
hydroxide, a reagent not previously suggested for the degradation of 
flavone compounds, Muller obtained a substance C u HuO,. This 
by the action of alkalis was converted into salicylic acid and aceto¬ 
phenone and evidently consisted of hydroxy-benzoyl-acetophenone 
(o-hydroxy-dibenzoyl-methane)— 

OH.C,H 4 .CO.CH,.CO.C,H s 

The compound Ci 5 H w Oj was thus without doubt flavone, and 


/y 0 v 


/N 'CO / 


II 

CH 


O 
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itis. interesting to no^ thatthough hydroxybensoyl-acetopbenone 
was assumed by Feuerstein and v. Kostanecki (Ber., 1898, 31, 
1738) to be the first product of the hydrolysis of this substance, its 
isolation in this manner had not previously been effected. 

The function which flavone exercises in the economy of the plant 
life of the primula is difficult to explain, though it may be of service 
on account of its repellent action towards water. 

Diflavone. 

This substance was prepared by Ryan and O’Neill (Proceedings 
Royal Irish Academy, xxxii., B, 5, 48), who employed as a starting- 
point for their synthesis diacetoresorcinol— 

OH 

CH a -CO— 

This by interaction with benzaldehyde yields the dichalkone 

ho/' Noh 

C,. H s . CH=CH-CO-lJ-CO-CH=CH. C,H 6 

the acetyl compound of which when brominated forms the tetra- 
bromide 

C,H 6 (0 . COCH s ) 2 (CO. CHBr. CH. Br. C,H s ) a 
Alcoholic potash converts the latter compound into diflavone— 

o-r°YY°v^ 

“Nx/Ax/™ 

and this crystallises in faint yellow needles, melting-point *77—*78°. 
In its general properties diflavone resembles flavone, and its faint 
yellow solution in sulphuric acid has a beautiful blue fluorescence. 
Colouring matters of this group are at present unknown. 

Poplar Buds. 

Chrysin, Ci S H m O„ is contained in the leaf buds of the poplar 
(Populm pyramida/is, Salisb., P. nigra, Lina, P. monilifera, Ait), 
in which it is present to the extent of about J per cent. It was first 
isolated by Piccard (fier., 6 , 884, 1160; 7, 888; 10, 176) and is 
best prepared by the method devised by this chemist. 

An alcoholic extract of 1000 grams of poplar buds is treated while 
hot with about iso grams of lead acetate, and after standing for some 

* 4 * 
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* 

time the yellow precipitate is removed. Through the clear filtrate 
sulphuretted hydrogen is passed in order to decompose lead salts, 
the sulphide of lead is filtered off and the liquid evaporated to dryness. 
The residue dissolved in a little hot alcohol gradually deposits crystals 
of chrysin, which are collected, successively extracted with carbon 
disulphide, benzene, and boiling water, and finally crystallised two or 
three times from alcohol. 

Pure chrysin crystallises in colourless leaflets, melting-point 275°, 
and dissolves in alkaline solutions with an intense yellow coloration. 
When acetylated, diacetylchrysin, C 1S H 6 0 4 (C2H 3 0) 2 , colourless needles, 
melting-point 185°, is produced, but by the action of methyl iodide 
in the usual manner a monomethylether, Ci,H,Oi. OCH 3 , melting- 
point r63°, only can be prepared. The latter yields acetylchrysin- 
monomethylether, C lt H 8 0a(0CH 3 )C2H 3 0, colourless needles, melting- 
point t49°, and with alcoholic soda gives a bright yellow sodium salt 
which is decomposed by washing with water (v. Kostanecki, Ber., 
1893, 26, 29or). 

When digested with boiling concentrated potassium hydroxide 
solution, chrysin gives phloroglucinol, benzoic acid, acetic acid, and 
acetophenone (Piccard, loc. cit.), the last-named in very small quantity, 
and the reaction can be expressed as follows:— 

C 15 H w 0 4 + 3 H 2 0 = C„H, 0 3 + C„H,. COOH + CH,. COOH 

The investigations of v. Kostanecki [loc. cit.) indicate that chrysin 
is a dihydroxyflavone and possesses the constitution— 


OH: 


/\/' 


OH LU 


VO 

CH 


The first hypothetical product of the hydrolysis of chrysin by 
means of alkali (cf. flavone) is 2 : 4 : 6-trihydroxybinzoylaceto- 
phenone—■ 


oh/N-oh 



CO-C.H, 

-CH,. 


which subsequently yields phloroglucinol, acetophenone, and carbon 
dioxide— 
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OHjQoH + COj + CHj co C|H# 


OH 

Phloroglucinol. 


Acetophenone. „ 


On the other hand, phloracetophtnone (which is unstable in the 
presence of alkali and is thereby converted into phloroglucinol and 
acetic acid) and benzoic acid are also produced— 



Phloracetophenone. 


+ c„h 5 -cooh 

Benzoic acid. 


Chrysin has been synthesised by Emilewicz, v. Kostanecki, and 
Ta'mbor (Ber., 32, 2448) in the following manner:— 

Phloroacetophenonetrimethylether (1) gives, when treated with 
ethyl benzoate in the presence of sodium, 2:4: 6-trimethoxybenzoyl- 
acetophenone (2)— 


(0 


(*) 


och/^Noch, 

CO—CH S 
OCHj 


och/\och 3 coQ> 

: x/ —CO—(!h. 

OCH 8 



The latter, when digested with strong boiling hydriodic acid, is 
demethylated and ring formation occurs with the production of 
chrysin (3). 

The following derivatives of chrysin have been prepared:— 
Dibromchfpsin, CuHgBrjO* (Piccard, Ber., 1873, 886 )i 

ioiothrysin, C^HJjO,, yellow needles (Piccard); Dinitrochysin, 
CpH s (N0j)t0 4 , red leaflets, melting-point 272° (Piccard and Darier, 
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Bet., i8g4, 27, at); Chrysin mnoethykthtr, CjjH, 0 |(OCsH)i, thin 
needles, melting-point 146° (Piccard); Chrysinisoamyiet/ur, 

CuHjOs^CjHii), 

thin needles, melting-point 125° (Piccard); Dibromchrysin isoamyl 
other, CijH 7 Br 2 Oj(OC s H u ), needles; and Dinitro-iiacetylchrysin, 
Ci S HA(N 0 s ) 2 (C 2 H 3 0 ) 2 , yellow needles, melting-point 219° (Darier, 
lot. eit.). 

Disawbtnztntchrysin (Perkin, Chem. Soc. Trans., 1896, 69, 
« 439 )~ 

c»h,n 2 0 

Oh/V X C-C f H„ 

OH co 

orange-red needles, melting-point 251—252°, insoluble in alkaline 
solutions, is unaltered by prolonged digestion with acetic anhydride. 

Chrysin is a feeble dyestuff. The shades produced on wool 
mordanted with aluminium, chromium, and iron, are respectively 
pale bright yellow, pale yellow-orange, and chocolate-brown. 

Tectochrysin , a second constituent of poplar buds, is present in 
the benzene extracts from the crude chrysin. Tectochrysin is chrysin 
monmethylether, (C ]5 Hj,Oj. OCHj), (Piccard), and is identical with 
the methylation product of chrysin itself (toe. cit.). 

Parsley. 

Apiin, the glucoside of apigenin, is found in the leaves, 
stem, and seeds of parsley ( Carum ( Apium) fetroselinum, Benth. 
and Hook,), (Rump, Buchner’s Repert. f. Pharm., 1836, 6, 6; 
Braconnot, Ann. Chim. Phys., 1843, iii., 9, 250). Both authors 
obtained it as a gelatinous mass by extracting parsley seeds 
with boiling water, and considering the readiness with which it 
gelatinised, Braconnot included it among the members of the pectin 
class. Subsequently, Planta and Wallace assigned to it the formula 
CmHmO,i (Annalen, 1850, 74, 262), and though by the action of 
boding dilute acids a brown substance, C^H^Os, was produced, it 
dj<J not appear that apiin was a glucoside. On the other hand, 
Undenhorn (Inaugural Dissert. Wurzburg, 1867), who obtained 
this substance in a crystalline condition, found that by the action of 
dilute acids It was decomposed into glucose and apigenin, and that 
the reaction probably proceeded as follows 

CijHuO. 4 - HjO » C,HA 4 * C,H„Oj 
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Von Geriehten (Ber., 1876, 9, 1114), who found for apiin add 
apigenin numbers identical with those given by LindenKorn, showed 
that On fusion with alkali apiin gave phloroglucinol and an acid not 
closely examined, but which, by the further action of the alkali, gave 
protocatechuic acid besides some oxalic, formic, and para-hydroxybenioic 
acids. As a result of his investigation, von Geriehten considered the 
most probable formula for apigenin to be C IS Hi<A, and that the de¬ 
composition of the glucoside apiin with acids might be represented 
as follows;— 

CjjHjjOiu + H.jO ** 2CjH 12 O e + C ls H 10 Oj 
In a later communication (Annalen, 318, 124), however, he adopted 
the formula CmHjAi. H s O, as he found that on hydrolysing apiin 
with per cent, sulphuric acid it is converted into apiose and glucose 
apigenin — 

C*iH 28 O i4 + H .,0 - QH.A + C,H u O„ C„H, 0 4 

Apiose. Gfucose apigenin. 


By the prolonged action of the acid, the latter compound gives 
apigenin and glucose— 

C,H u O,. C 16 H A + H 2 0 = C,H,A + C ls H w O s 

Apiin therefore contains a disaccharose nucleus which on hydrolysis 
yields dextrose and apiose. 

Apiose is an aldopentose of the formula (r), and on oxidation 
gives apionic acid (2 )— 


HO.CH 2 CHj.OH 

\/ 

(1) C. OH 

<!:h.oh 


:ho 


HO.CHj CHj.OH 

\/ 

(2) C.OH 

dlH.OH 
COOH 


By the action of hydriodic acid and phosphorus, apionic acid is 
reduced to lira-valeric acid. 

When apiin is boiled with nitric acid in 60 per cent acetic acid it is 
converted into the nitromonoglucoside nitroapigetrin, CjiHjAihA, 
a yellow crystalline powder, melting-point 254—255”, soluble in alka« 
Hoe solutions with a yellow colour (Perkin, Chem. Soc. Trans., 1900, 
4 * 6 . 77 ). 

Apitn forms colourless needles, melting-point 228°, easily soluble 
in hot water and alcohoL From these solutions it separates on 
cooling in the gelatinous condition. 
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Whereas apjin can be most readily obtained in a pure condition 
from the seeds of parsley, it has been shown by von Gerichten that 
the stem and leaves of this plant contain in addition a glucoside 
of a luteolin monomcthyhthcr. By fusion with alkali, pure apigenin 
gives phloroglucinol and p -hydroxybensoic acid (Ber., 1900, 33,' 
»334). The previous isolation of prolocatechuic add, according to 
this method by von Gerichten, and Perkin (Chem. Soc. Trans., 
1897, 71, 805), was due to its contamination with a trace of this 
luteolin derivative. 

In order to prepare apigenin, Perkin (lac. cit.) digests 30 grams 
of apiin for twenty hours with 3 litres of hydrochloric acid (sp. gr, 
ro4). The crude colouring matter is extracted with boiling alcohol, 
and the extract treated with alcoholic lead acetate solution, drop by 
drop, until the supernatant liquid becomes colourless. The lead 
precipitate is then removed, and the filtrate after treatment with a 
few drops of acetic acid is evaporated to a small bulk. By addition 
ofa little boiling water and gentle evaporation, the apigenin separates 
in a crystalline condition. 

Should the substance be contaminated with luteolin monomethyl- 
ether, it is digested for two hours with boiling hydriodic acid (sp. gr. 
x '96) and the product crystallised from alcohol. The more soluble 
luteolin thus formed remains in solution (Czajkowski, v. Kostanecki, 
and Tambor, Ber., 1900, 33, 1996). 

Apigenin thus prepared crystallises in almost colourless leaflets, 
melting-point 343°, and dissolves in alkaline solutions with a yellow 
coloration. By means of acetic anhydride triacctyl-apigenin, colour¬ 
less needles, melting-point 181—182°, is produced (Czajkowski, v. 
Kostanecki, and Tambor), but when methylated by means of methyl 
iodide, only a dimethylether , C ls H 8 O s (OCH a ) 2 , pale yellow needles, 
melting-point 171—172 0 (Perkin, loc. at.), can be prepared. On ace¬ 
tylation this yields acetylapigenin dimethylether , colourless needles, 
melting-point 195—196" (Perkin), and by means of alcoholic potash 
is transformed into a yellow potassium salt which is decomposed by 
washing with water. When hydrolysed with alcoholic potash, apigenin 
dimethylether yields anisic add and a syrupy phenolic substance, 
which probably contains phloroglucinol monomcthylether. 

If apigenin is digested with 50 per cent, potassium hydroxide 
solution, it is hydrolysed with formation of p -hydroxyacetaphenone 
and phloroglucinol (Perkin, loc. cit,). From the result of his investi¬ 
gation, Perkin assigned to apigenin the constitution of a hydroxy- 
thrysin, or 1:3:4': trihydroxyflavone — 
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oh/\ / ' ^c- 

I! 

V„ S 'C0/ tH 
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Somewhat later, Czajkowski, v. Kostanecki, and Tambor (loc. cit.) 
synthesised apigenin by a series of reactions similar to those employed 
for the preparation of chrysin (Emilewicz, v. Kostanecki, and Tambor, 
Ber., 3a, 2448). 

Phloracetophenone trimelhylether condensed with ethyl anisate in 
the presence of sodium gives lelramethoxybcnzoylacetophenone (1), 
and this on boiling with hydriodic acid is converted into apigenin (a)— 


(0 

(’) 


och,/\-och 3 

1^ J—CO—CH.)—CO— / ^ OCH, 


OCH 3 

OH,' / \ // ° V— 
II 

\/\ C0 / CH 
OH cu 


O 0H 


The following derivatives of apigenin have been prepared:— 
Apigenin diethylether , CuH 8 O s (OC 2 H 5 ) 2 , yellow needles, melting- 
point 161—162° (Perkin), 163—164° (Czajkowski, v. Kostanecki, 
and Tambor); acetylapigemn diethylether , C,,H 7 0 3 (0C 2 H 6 ). 2 . CjH,Oi 
colourless needles, melting-point 151—15a 0 (Perkin), 148—149’5° 
(Czajkowski, v. Kostanecki, and Tambor); tribenzoylapigenin, 
C U HA(C 7 H 5 0) 3 , colourless needles, melting-point 210 — aia° 
(Perkin); dibromapigenin, C 15 H 8 Br 2 0i, pale yellow needles ; mono- 
niiroapigenin , C 15 H s 0 5 (N0»), orange-yellow prismatic needles; 
trinitroapigenin, C 15 H 7 0 s (N0 2 ) 3 , minute yellow needles; and tetra- 
niiroapigenin, C 15 H,0 5 (N0 2 ) 4 , almost colourless needles, melting- 
point 243—244° (decomp.). 

Disazobeniene-apigenin crystallises in red needles (Perkin, loc. cit.), 
melting-point 290— 292° (decomp.)— 
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and with acetic anhydride gives only the monoacetyl-d'erivative, 
CuHrOjfCjHjOXQHjNj)* orange-red needles, which commence to 
decompose at j6o" and melt at about 277 —280”. 

Apigenin closely resembles chrysin in its tinctorial properties, 
although it is a somewhat stronger dyestuff. The shades it gives 
upon wool mordanted with aluminium, chromium, and iron are re¬ 
spectively pure yellow, weak yellow-orange, and chocolate-brown. 1 

Apigenin is also present in weld ( Reseda luteola ), (Perkin and 
Horsfall, Chem. Soc. Trans., 1900, 77, 1314), in the flowers of 
Antirrhinum majus (Wheldale and Bassett, Biochem, Jour., 1913, 7, 
441), and exists probably also in chamomile flowers (Perkin). 

Chamomile Flowers. 

Anthmis Nobilis. —An examination of the flowers of Anthemis 
nobi/is (Linn.) by Power and Browning (Chem. Soc. Trans., J914, 
105, 1833) has shown that these contain in addition to numerous 
other substances an apigenin glucoside, Cji H. 20 O I0 .2 H 2 0 , faintly yellow 
microscopic crystals melting at 178—180°. It dissolves in alkalis 
with a yellow colour and gives with aqueous ferric chloride a 
purplish-brown coloration. Dried at 123 —130° it loses one 
molecule of water of crystallisation, but the second molecule can¬ 
not be eliminated without decomposing the substance. This is 
evident from the composition of the luxa-acetyl derivative, 
CjjHaOufCOCHj)* colourless microscopic crystals, melting-point 
144 — 146°, the molecule of water in question being eliminated in 
the process of acetylation. 

By digestion with 5 per cent, aqueous sulphuric acid for three 
hours, this glucoside yields apigenin and dextrose according to the 
.equation— 

C 2 iH 2iJ 0;., H.jO — C.H.A + CsHjjO* 


Robinia pseud-acacia. 

Acacetin , C 1# H 12 Oj. the colouring matter of the leaves of the 
Robinia pseud-acacia (Linn.) (common or false acacia, North American 
locust), forms almost colourless needles, soluble in alkalis with a pale 
yellow coloration (Perkin, Chem. Soc. Trans., 1900, 72, 430). 

To prepare it a boiling aqueous decoction of the leaves is treated 
with basic lead acetate solution, and the pale yellow precipitate is 
suspended in water and decomposed with boiling dilute sulphuric 
acid From the clear liquid the colouring matter is removedby ex¬ 
traction with ether, and purihed by crystallisation from dilute alcohol 
• 148 
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Acacetin {orm$ a diacetyl derivative, Ci,H l0 O t (CjH,O)„ colour* 
leas needles, melting-point 195—198*, and when fused with alkali 
gtres phloroglucinol and /-hydroxybenzoic acid. Digested with boil¬ 
ing hydriodic acid it yields apigenin and one molecule of methyl 
iodide, and is consequently an apigenin monomethylether. Acacetin 
is very probably identical with von Gerichten's apigenin methyl ether 
(Ber., 1900,33, 3908)— 


OH( / V' ° 

U\ /C H 

OH co 


>OCH, 


the acetyl derivative of which melts at 198—200°. 

Interesting is the fact that the flowers of the Robinia pseud-acacia 
contain robinin, a glucoside of the trihydroxy flavonol kaempferol— 



which contains one more hydroxyl than apigenin. This is referred 
to later. 

VlTEXIN. 


The Vilcx littora/is (A. Cunn.) or “ Puriri" is a large tree, 40 
—60 feet high, and 3—5 feet in diameter, which grows only in 
the northern portion of the North Island of New Zealand. The 
wood affords a very durable timber, and is chiefly used for house 
blocks, fencing posts, piles for bridges, railway sleepers, etc. 

Vilcxin, the main colouring matter, is present in the wood in the 
form of a glucoside which has not yet been isolated. It is prepared 
by digesting a purified extract of the dyestuff with boiling dilute 
hydrochloric acid, and by this means separates in the form of a yellow 
viscous mass. By extracting this crude product with boiling alcohol, 
a pale yellow crystalline powder remains undissolved, and this, owing 
to its sparing solubility, is most readily purified by acetylation, and 
the subsequent hydrolysis of the pure acetyl derivative (Perkin, 
Cheat. Soc. Trans., 1898, 74, 1020). 

,' Vitexin consists of minute canary-yellow prismatic or fine hair- 
Hke needles, soluble in alkaline solutions with a pale yellow colora¬ 
tion, and from these solutions when boiled it is deposited by acidificar 
tion in a crystalline condition. 

On fusion with alkali vitexin yields phloroglucinol and p-hydroxy- 
btntoic acid, and when digested with boiling 50 per cent, potassium 
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hydroxide solution p-hydroxyacetophenone is also produced. Boiling 
ij per cent, nitric acid gives dinitro-/-hydroxybenzoic'acid, together 
with a small quantity of tetranitroapigenin, melting-point 839—241°. 
The formula first assigned to vitexin by Perkin was C u H u Or, and the 
acetyl derivative , colourless prismatic needles, melting-point 251—256°, 
was consequently represented as C 1S H # 0 7 (C 2 H S 0)5. In a later com¬ 
munication in view of its apparent relationship to apigenin, an,d the 
difficulty of accounting for the large number of hydroxyl groups 
which are present, it is suggested by this author (Chem. Soc. 
Trans., 1899, 77, 422) that vitexin is probably a very stable gluco- 
side of apigenin represented by the formula C 21 H 20 O w . Vitexin is a 
somewhat feeble colouring matter, and dyes shades similar to those 
given by apigenin; these, employing woollen cloth mordanted with 
chromium, aluminium, and tin, are respectively greenish-yellow, pale 
bright yellow, and pale brown. 

In addition to vitexin the wood of the Vitex littoralis contains (as 
glucoside) a small quantity of a second colouring matter, homovitexin. 
It was obtained as a pale yellow powder, melting-point 245—246°, 
and is distinguished from vitexin by its ready solubility in alcohol. 
Fused with alkali it gives phloroglucinol and /-hydroxybenzoic acid, 
and is possessed of feeble dyeing property. The analytical figures 
approximate to C M H w 0 7 or C ls H ls O„. 

According to Barger (Chem. Soc. Trans., 1906, 89, 1120) the 
glucoside saponarin, which is present in Saponaria officinalis (Linn.), 
yields on hydrolysis glucose, saponaretin, and a small quantity of 
vitexin. It is possible that saponaretin and homovitexin are identical. 

Saponakia officinalis (Linn.). 

The epidermal cells of the leaves of certain flowering plants 
contain, dissolved in their cell sap, a substance which is coloured 
blue by iodine. The colour disappears on warming and returns 
on cooling, as is the case with starch. On this account the com¬ 
pound was regarded as an amorphous variety of starch by Sanio, 
its discoverer (Botanische Zeitung, 1857, 15, 420). Schenck 
(ibid., 1857, 15, 497, 455) doubted whether this substance was 
identical with starch, and the correctness of this view was con¬ 
firmed by Nageli (Beitrage zur wissensch. Botanik, i860, 2, 187). 

. For the chemical examination of this substance the dried shoots of 
the S. officinalis were selected by Barger (Chem. Soc. Trans., 1906, 
89, 1210) as the raw material, because this plant, is relatively rich 
in the compound, and is grown on the Continent for pharmaceutical 
purposes, so that large quantities are easily obtainable. 

tS° , 
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Saponarin, C^H^O,,, jH* 0 .—The material was extracted with 
from io to jo times its weight of water for half an hour, and the 
operation repeated several times. The extracts, strained through 
linen and concentrated to a quarter their volume, were acidified with 
acetic acid and left to stand for several weeks. The grey deposit 
which had then separated was dissolved in hot i per cent, sodium 
carbonate solution (i litre per kilo, of dry leaves), and after addition 
of acetic acid was treated with lead acetate, in order to precipitate 
gums and other impurities. On standing for several weeks the clear 
liquid deposited crude saponarin, which, however, still contained 
30 per cent, of impurity. 

The crude saponarin was dissolved in boiling pyridine, the dark 
brown solution was filtered and evaporated in a vacuum on the water- 
bath. The residual syrup dissolved in hot water was'diluted and on, 
standing deposited the substance in microscopic needles. 

Saponarin dried in air is a white powder, hut after being dried 
in a vacuum becomes pale yellow, and is soluble in dilute alkaline 
solutions with an intense yellow colour. When heated slowly it 
melts and decomposes at 231—232°, but if the bath is previously 
heated to 230°, the melting-point is 236°. 

On acidifying an alkaline solution, and on diluting a solution in 
concentrated acids with water, the glucoside is not immediately pre¬ 
cipitated if the solution is dilute. This power of remaining in a state 
of pseudo solutionis characteristic of saponarin, and in this condition 
it gives with iodine in potassium iodide the blue or violet coloration 
which led to its discovery. This coloration disappears on warming, 
but returns again on cooling. Saponarin gives with sulphuric acid a 
blue fluorescent solution. 

Ennea-acetyl saponarin , C.2,H ls 0 1 .,(CoH 3 0) 9 , microscopic curved 
needles, melts at 183—185°. It does not give a blue cobration with 
iodine. When saponarin is boiled with dilute mineral acids, it is 
slowly hydrolysed according to the equation 

+ HgO =* C 25 H 1,0, 4* C 4 H 1 s 0 8 

with formation of glucose, saponaretin and a small quantity of vi/exin 
identical with that obtained by Perkin (Chem. Soc. Trans., 1898, 
73 i 1030) from Vitex lit/oralis (A. Cunn.). According to Barger, 
vitexin forms pale yellow glistening plates, melting-point 260°, 
whereas it is described by Perkin as canary-yellow needles, melting- 
point 264—265°. Molecular weight determinations carried out by 
the microscopic method (Barger, Chem. Soc. Trans., 1904, 85, 286; 
190$, 87,1756) indicate that the original formula C ls H 14 0 7 assigned 
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by Perkin to vitexin is correct (/at. tit), rather thanthesecond, 
CjiH so Oio, which he subsequently proposed. 

Saponaretin, C 1} H U 07?> the chief product of the hydrolysis of 
saponarin with dilute acid, consists of a light yellow amorphous 
powder, extremely soluble in alcohol, though in other respects it 
closely resembles vitexin. It may be' that saponarefm is identical 
with Perkin’s homovitexin (loc. cit), which in the case of the Vitex 
littoratis appears to be the minor product of the hydrolysis of the 
glucoside there present. 

Lotus arabicus. 

The L. arabicus (Linn.) is a leguminous plant, indigenous to 
Egypt and Northern Africa, and in the young condition is extremely 
poisonous. It has been investigated by Dunstan and Henry (Phil. 
Trans., 1901, 194,515). 

Lotusin, the active principle, can be isolated by extracting the 
dried plant with methyl alcohol. The extract is evaporated, the 
residue treated with water to remove chlorophyll and resin, and 
from the aqueous solution tannin and other impurities are precipi¬ 
tated by means of lead acetate. The filtrate, on evaporation, leaves 
a syrupy residue, from which crystals of lotusin slowly separate. In 
the pure condition lotusin, C 28 H 21 N 0 lt , forms yellow needles, and 
when hydrolysed by digestion with hydrochloric acid, or by means 
of an enzyme lotasc, also found in the plant, yields dextrose, loto- 
flavin, and hydrocyanic acid, according to the following equation:— 
CjaHjiOijN + aH 2 0 *= sCjH 12 O n + C-,^Hj] 0 ^ *f HCN 
When warmed with alcoholic potash (20 per cent.) lotusin is gradually 
decomposed with production of ammonia and lotusinic acid :— 

C 2 sH^OjflN 4- 2 HjO » C 2 jH 22 0jg + NH 2 
Lotusinic acid. 

This compound is monobasic, gives yellow crystalline salts, and 
is hydrolysed by dilute hydrochloric acid with formation of htoflavin 
dextrose and heptogluconic acid :— 

CjjHjAis + aH a O »* CijH m Oj + C ( H ]2 Oj + CjHuOj 
‘ t Lotoflavin , C 1S H W 0 „> crystallises in yellow needles, soluble in 
alkaline solutions with a yellow colour. By fusion with alkali, phhro- 
giudnoi and fi-resorcylic acid are produced. 

.With acetic anhydride lotoflavin gives a tetra-aeetyl compound, 
e,i»A(C s H,0) 4 , colourless needles, melting-point 176—178 s , and 
when methylated by means of methyl iodide the irimetbyl ether, 
CakAfOCH,)* is obtained. This latter compound exists in two 
15* 



forms, viz. the a-fonn yellow rosettes, melting-point 1*5", a'nd the 
ft -form glistening needles, melting-point 175”, which are mutually 
convertible. Both varieties give by means of acetic anhydride the 
Same monoacctyl-lotoflavin trimtthyl tther , CuH(Oj(C|HjO)(OCH|)|, 
yellow needles, melting-point 147°. 

According to Dunstan and Henry, lotoflavin is probably a tetra- 
hyirtjffflavont, possessing the formula— 



The hydrolysis of the cyanogenetic glucoside lotusin, with forma¬ 
tion of maltose, lotoflavin and hydrocyanic acid, may be expressed 
by the equation— 

C, 8 H 81 NO„ + HjO = C 12 H s Ai + C 1 s H 10 O 4 + HCN 
The following constitutions are respectively assigned to lotusin (1) 
and lotusinic acid (2):— 



(*) 


C ll H 31 0„-CH-0-f / Y ° ^~0° H 

C°°H Xi CO /CH 0H 


Weld. 

Weld is the dried herbaceous plant known as Rtscda lutsola 
formerly cultivated to a considerable extent in France, Germany, 
and Austria. Its cultivation in this country has nearly ceased, 
because not only is the quantity of colouring matter it contains 
very small, but the carriage of the plant, owing to its bulky nature, 
is expensive. A special interest, however, attaches to weld, for 
it is said to be the oldest European dyestuff known, and was used 
by the Gauls and other nations dwelling north of the Alps in the 
time of Julius Gesar. 

The plant attain* a height of about 3 feet, is pale brown in' 
colour, and is sold in sheaves like straw. The colouring matter is 
disseminated throughout the entire plant, but the greater quantity 
occurs in the upper extremity and the seeds. 
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Luteolin , the main colouring matter of weld, was examined by 
Chevreul (J. Chim. Med., 6, 157; Annalen, 8*, 53), who ob¬ 
tained it in a crude condition; its isolation in a state of chemical 
purity was first achieved by Moldenhauer (Annalen, 100, 180), 
who assigned to it the formula C;,jH u O s . It was subsequently in¬ 
vestigated by Schiitzenberger and Paraf (Bull. Soc. Chim., 1861, 
(>•)» *8), who proposed the formula Ci 2 H 8 0 5 and purified it in a some¬ 
what novel manner which is worthy of mention. Weld was exhausted 
with alcohol, the extract evaporated, and treated with water, which 
threw down a dirty greenish precipitate. This was collected, intro¬ 
duced with a little water into a sealed tube and heated to 250°. On 
cooling the sides of the tube were found to be coated with golden- 
yellow needles of luteolin, and the impurities had collected at the 
bottom of the tube to form a resinous cake. 

Hlasiwetz suggested that luteolin had the formula C u H 10 O # and 
was isomeric with the paradiscetin, which he obtained during the 
fusion of quercetin with alkali (Annalen, 112, 107). 

For the preparation of luteolin in quantity, Perkin (Chem. Soc. 
Trans., 1896, 69, 206, 799) employs weld extract. 

300 gms. of the extract dissolved in 3 litres of water is treated 
with 100 c.c. of hydrochloric acid (33 per cent.), and the mixture is 
digested at the boiling temperature for some hours. A quantity of 
a black resinous substance separates, which is collected while hot, 
and the filtrate, which contains the colouring matter, is allowed to 
stand for twelve hours. A brown precipitate of impure luteolin is 
slowly deposited, and is collected, washed, and dissolved in a little 
hot alcohol. On pouring this solution into ether, the main bulk of 
the impurity is precipitated, and the ethereal liquid on evaporation 
yields a yellow residue, which is crystallised from dilute alcohol. 
The product in addition to luteolin contains apigenin (Chem. Soc. 
Trans,, 1900, 77, 1315), and the latter can only be removed with 
certainty by the following method:— 

The mixture dissolved in boiling glacial acetic acid is treated 
with a few drops of strong hydrochloric acid; this causes the almost 
immediate separation of luteolin as hydrochloride, whereas the 
apigenin remains in solution. The hydrochloride is collected, de¬ 
composed by water, and the luteolin crystallised from dilute alcohol 
Luteolin , C t sH w O { , crystallises in yellow needles or leaflets, 
melting-point 327—329° (Perkin), 327° (v. Kostanecki, Ro2ycki, and 
Tambor, Ber., 1900, 33, 3410), soluble in alkaline solutions with 
a yellow coloration. With alcoholic lead acetate it gives a bight 
yellow precipitate and with alcoholic ferric chloride a green solution, 
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Luteolin sulphate, C^HnO,. HiS 0 4l orange-red needles; luteolin 
hydriodide, C 15 H, 0 O 4 . HI, orange prisms; luteolin hydrobromide, 
CjjH m O # . HBr, H s O, ochre needles; and luteolin hydrochloride, 
CisHioOj. HC 1 , H a O (Perkin, loc. cit.), are readily prepared by the 
action of the acids on luteolin in the presence of boiling acetic acid. 
By treatment with water these compounds aie quantitatively decom¬ 
posed into luteolin and acid. 

Monopotassium luteolin, Ci 5 H 8 0 4 K, fine yellow needles, from 
luteolin by means of alcoholic potassium acetate, is decomposed by 
boiling water with separation of luteolin. The sodium compound, 
C 3 oH 18 0 13 Na, behaves similarly. 

Tetra-acetyl luteolin, Ci 5 H 6 0 # (C 2 H 3 0)4, Perkin (also Herzig, Ber., 
1896, 29, roi3), colourless needles, melts at 221—223 0 (Perkin), 
225—227°(Herzig). Tetrabensoyl-lutcolin, Ci 5 HbO 0 (C-H 5 O) ( ,colour¬ 
less needles, melts at 200— 201“ (Perkin). 

Dihromluteolin, C 15 H s Br 2 0 *, yellow needles, melts at 305°. 

By the action of nitric acid- on luteolin Rochleder (Zeitsch. fUr 
Chem., 1886, 602) obtained oxalic acid,, and with fused alkali proto- 
catechuic acid and phloroglucinol. Digested with boiling 50 per cent, 
potassium hydroxide solution, phloroglucinol and acetyl catechol 
are produced (Perkin and Horsfall, Chem. Soc. Trans., 1900, 77, 
1322)— 

°H/\ 

OHk^yCO—CH, 

When methylated with methyl iodide luteolin yields, in addi¬ 
tion to luteolin trimethyl ether, also methyl-luteolin trimethyl- ether 
(Perkin and Horsfall). 

Luteolin trimethyl ether, Ci S H 7 Os(OCH s ) 8 , lemon-yellow needles, 
melting-point 161—163°, forms a monoacetyl derivative, 
C u H, 0 ,(C ! H, 0 )( 0 CH,)„ 

colourless prisms, melting-point 156—158“, and with alcoholic potash 
gives a bright yellow crystalline salt, which is decomposed by water. 

On hydrolysis with alcoholic potash at 170° the trimethyl 'ether 
gives veratric acid, and phloroglucinol monomethyl ether, which was 
isolated in the form of disazobenzene-phloroglucinol monomethyl 
ether, orange needles, melting-point 251—252 0 . 

Methyl-luteolin trimethyl ether, C 1 jH # O l (OCH s )j, melts at 19*-— 
192°, and the monoacetyl derivative, C 1# H 8 0 a ( 0 CHj) s (C s H| 0 ), at 
175—176°. By means of alcoholic potash veratric acid and methyl 
phloroglucinol methyl ether (identified as disozobenzene methyl phloro- 
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gludnol monomethyl ether, orange-red needles, me)ting<point 198— 
so 1°) are produced. 

By digestion with boiling hydriodic acid methyl-luteolin, C w H„ 0 „ 
yellow leaflets, is formed, melting-point about 307—309°, which gives 
an acetyl compound melting at 235—336°. 

Perkin ( loc. at.) assigned to luteolin the constitution of a tetra- 
hydroxyflavone— 


°<Y°Y' 



and the more recent synthesis of this colouring matter by v. Kos- 
tanecki, Rozycki, and Tambor (loc. cil.) has indicated that this formula 
is correct. 

When phloracetophenone trimethyl ether is condensed with ethyl 
veratrate it gives 2 : 4 : 6 : 3': 4' pentamethoxybemoyl acetophenone — 

och/'Voch s co-<^)och 3 

IJ—CO—CH 2 0CH3 

OCHj 

and this by long digestion with boiling hydriodic acid (sp. gr. 1-96) 
is converted into luteolin. 

Though luteolin when digested with alcoholic potash and ethyl 
iodide in the ordinary manner gives only a triethyl ether, owing to the 
presence of an hydroxyl in the ortho position to the carbonyl group, 
when an excess of the reagents is employed, luteolin tetraethyl ether, 
C ls H # O s (OEt) 4 , colourless needles, melting-point 153—155°, can 
readily be obtained (Perkin, Chem. Soc. Proc., 1912, 28, 328). 
Though quercetin pentamethyl ether on nitration readily gives the 
6- mononitro derivative (Watson, Chem. Soc. Trans., 1914, 105, 
338), luteolin tetraethyl ether yields in similar circumstances only the 
Utramtro compound, C [ TE O(N 0 : >), (O E t) 4 . colourless prisms, melt- 
ingtpoint 196°. On the other hand, the introduction of only one 
ftitro group can be effected by nitrating mono-brom-luteolin tetra- 
! «djy| ethef. i (!tee below) (Perkin and Watson, ibid., 1915, 107,199}. 
''“OBtin0^4’ molecules) in acetic acid yields bromluteolin tetraethyl 
'tfh$ 0 ebmmele, C»H,(\(OEt) 4 Br, HBr„, orange-yellow 'prisms,! 
melting-point r6r“ (decomp.), and this on boiling with water gives 
hromhileoliti tetraethyl ether and tetrabromiuteolin tetraethyl ether, -. , 

With bromine (1 molecule) in acetic acid solution, bromlateoliH. 
156 
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tetraethyl ether kydroiromidt, CjjHtO^OEt^Br, HlhQjS^, ja|& 
yellow hair-like needles, is obtained, which when boiled with water gives 
brmluteolin tetraethyl ether, CijH s OjBr(OEt) 4 , colourless hexagonal 
plates, melting-point 183°, whereas by brominating luteolin tetraethyl 
ether with a molecules'of the halogen in acetic acid solution in pre¬ 
sence of sodium acetate; tetrabromluteolin tetraethyl ether, colourless 
crystals, melting-point in—114°, is formed. 

Brom-d nilroluteolin tetraethyl ether, NOjCuH^BrfOEt)^ pale 
yellow rhombs, melting-point 170—171°, on reduction in alcoholic 
solution with stannous chloride and hydrochloric acid, gives tram¬ 
s' amino-luteolin tetraethyl ether, C lf ,H, 0 2 Br( 0 Et),NH 2 , yellow prisms, 
melting-point 165—169°. This forms the hydrochloride 
C 16 HABr(OEt) 4 NH 2 HCl H 3 0 , 


bright yellow needles, which when dried over soda lime become 
scarlet and melt at 187° (decomp.); with stannic chloride it forms the 
salt (C 2J H sf 0 6 NBr) 4 H 4 SnCl # , crimson prisms. By means of sodium 
nitrite the amino hydrochloride yields in the usual way, crystalline 
bromluteolin tetraethyl ether diazonium hydrochloride, and from this 
by boiling with water brom - 6 hydroxy - luteolin tetraethyl ether, 
Ci S H 4 O s Br(OEt) 4 OH, yellow needles, melting-point 253°, the acetyl 
derivative of which crystallises in white needles, melting-point 270— 
272”, is produced. 

This latter, probably owing to its insolubility, is not readily attacked 
by hydriodic acid (Dry), the first product of the reaction being ap¬ 
parently brom-bt-hydroxy-luteolin diethyl ether, C ls H 4 0 !i Br(OH) s (OEt)j, 
the acetyl compound of which melts at 213 0 . The more drastic 
action of the hydriodic acid, employing also acetic anhydride, gave a 
small quantity of a compound crystallising in yellow needles, soluble 
in alkaline solutions with a yellowish-brown colour, and which was 
probably an impure 6 hydroxy luteolin — 

OH 


°hA / 0 Y<> 


'H 


The acetyl compound melted at 250—256’. 

When air is aspirated through alkaline solutions of luteolin (and 
also those of chrysin and apigenin), oxidation does not occur. This 
property, according to Perkin [lot. tit.) distinguishes the colouring 
matters of the flavone from those of the flavonol class, which am 
readily oxidised by this treatment. 
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It has already been stated that weld contains a second colouring 
matter, Apigenin (v. Pawley). 

Dyeing Properties of Weld,—The importance of weld as a dyestuff 
in silk and wool dyeing has greatly diminished in consequence of its 
low colouring power compared with quercitron bark, flavin, and old 
fustic. This in one respect is unfortunate, because, of all the natural 
yellow colouring matters, it yields the purest and fastest shades. In 
conjunction with aluminium and tin mordants it gives very bright pure 
lemon-yellow colours, and these do not change to an olive or reddish 
tint as in the case with other vegetable yellows. With chromium and 
iron mordants weld gives yellowish and greenish olives respectively. 
For yellow, wool and silk are mordanted with alum and tartar in the 
usual manner and dyed subsequently in a decoction of weld with the 
addition of chalk to the dye-bath. Weld alumina yellow is to some 
extent still employed in this country for certain army cloths and braid. 
For silk dyeing, weld extract is manufactured in small quantity, and 
is used for the production of yellow and olive colours. 

Dyer's Broom. 

Genista tinctorta , Linn. (Dyer’s broom , Dyer’s greenweed; 
Genet, Genestrole, Trentane! , Fr. ; Gins ter, Ger.) is found-in the 
pastures, thickets, and waste places throughout Central and Southern 
Europe, across Russian Asia to the Baikal, and northward to 
Southern Sweden. It is frequent in the greater part of England, but 
rare in Ireland and Scotland. The fact that it contains a yellow 
colouring matter is recorded by numerous writers, and the following 
embody the principal references to the dyeing and general properties 
of the plant: Bancroft (“Philosophy of Permanent Colours," 1813, 
3, 108); Gmelin (“Handbook of Chemistry," 16, 517); Berthollet 
'(“On Dyeing," 1824, 2,242); Gonfreville (“L’ArtdelaTeinturedes 
Laines," 501); Leuchs (“ Farben u. Farbekunde," 1846, 2,309), and 
Schtitienberger (“Traiti des Matures Colorantes,” 1867, 4, 423). 

To isolate the colouring matters, a hot aqueous extract of the 
plant is treated with lead acetate solution, and the pale yellow vis¬ 
cous precipitate is collected and decomposed by means of boiling 
dilute sulphuric acid. The clear liquid decanted from the lead 
sulphate deposits on cooling a dull yellow powder; this is filtered 
off, dissolved in a little alcohol, and the solution poured into a large 
volume of ether, causing the separation of a dark-coloured resinous 
impurity. The clear liquid is evaporated, yielding a yellow crystalline 
residue, which consists of two substances. To separate these, ad¬ 
vantage is taken of the fact that, with sulphuric acid in the presence 
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of acetic add, one only of theae compounds gives an insoluble sul¬ 
phate. This is collected and decomposed with water and the produet 
crystallised from dilute alcohol. It is obtained as yellow needles, 
and was found to be identical with the luteolin of weld ( Reseda lu/eola) 
(Perkin and Newbury, Chem. Soc. Trans., 1899, 75, 830). 

Genistein, CuH^Oj, the second colouring matter of dyer’s broom, 
is present in the mother liquors obtained during the purification of 
the luteolin, and also in considerable quantity in the filtrate from the 
lead precipitate, from which it is most readily isolated. To the boil¬ 
ing liquid ammonia is added, causing the separation of a lemon- 
yellow precipitate, which is collected and decomposed with boiling 
dilute sulphuric acid. The clear liquid is extracted with ether, and 
the extract evaporated, leaving a brownish crystalline mass. It is 
purified by crystallisation from acetic acid, and by conversion into 
the acetyl derivative. 

Genistein crystallises in long colourless needles; melting-point 
>91—293° (Perkin and Horsfall, Chem. Soc. Trans., 1900, 77, 
1312); soluble in alkalis with a pale yellow coloration. Alcoholic 
ferric chloride gives a dull-red violet coloration, and alcoholic basic 
lead acetate a lemon-yellow precipitate. 

Triacetylgenistein, C„H; 0 5 (CVH 3 0 ) 3 , colourless needles, melting- 
point, 197—201°; and tetrabromgenistein, C u H e Br,O s , colourless 
needles, melting-point above 290 ', have been described. 

On digestion with boiling 50 per cent, potassium hydroxide, 
genistein gives phloroglucinol and p-hydroxypncnylacetic acid. 

By methylation with methyl iodide in the usual manner, genistein 
dimethyl ether and methylgenistein dimethyl ether are produced. 

Genistein dimethyl ether, C 14 H 8 0 3 ( 0 CH 3 ) 2 , forms colourless leaf¬ 
lets, melts at 137—139”, and gives the monacetyl compound, 
C 14 H 7 0 3 (C 2 H 3 0 )( 0 CH a ) 2 , 

minute colourless needles, melting-point 202—204°. When de¬ 
composed with alcoholic potash, it forms methoxyphenylacetic acid and 
phloroglucinol-monomethyl ether (identified by means of its disazo- 
benzene derivative). 

Methylgenistein dimethyl ether, 

CH 3 .C 14 H,0 3 (OCH 3 )j, 
melts at 202°; and the acetyl derivative, 

. CH 1 .C u HA(C i H,0)(0CH,) ! , 
forms colourless needles, melting-point 212—214°. With alcoholic 
potash it gives methoxyphenylacetic acid and probably methylpUuro- 
glucinol-morumcthyl ether. , 

i«9 
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Genistein iitthyl ether, CuH/O^OQH}),, forms colourlessneedles, 
melting-point 13a-—134“; whereas acetylgenistein iitthyl ether, 
C w HA{C J H l O)(OC,H,)„ 

melts at 168—170°. Alcoholic potash gives p-ethoxyphenylacetie add. 
According to Perkin and Horsfall, genistein is most probably a 
~ trihyiroxyphenytketocumaran — 



Genistein is a feeble colouring matter, and upon woollen cloth 
gives, with chromium mordant, a pale greenish-yellow; with alumin¬ 
ium mordant, a very pale yellow; and with iron mordant, a choco¬ 
late-brown shade. 

Dyeing Properties of Dyer’s Broom.—In this respect there is a close 
resemblance between dyer’s broom and weld. The dyeing power of 
the former is distinctly the weaker of the two; otherwise the only 
point of difference worthy of mention is that shown by the iron mor¬ 
dant, which, in the case of dyer’s broom, gives a duller and more 
drab-coloured shade. Luteolin is also present in the Digitalis pur¬ 
purea (digito-flavone), (Fleischer and Fromm, Ber., 1899, 3a, 1184; 
v. Kostanecki and Diller, ibid., 1901, 34, 3577), and in the flowers 
of Antirrhinum majus (Wheldaleand Bassett, Biochem. Jour., loc.cit.). 

Fukugi. 

The Japanese dyestuff “ fukugi ” (botanical origin unknown) has, 
at least until recently, been employed to a considerable extent in 
Japan as a mordant dyestuff. It consists of the wood of a tree which 
when ground forms an almost colourless powder, the extract of which 
issold in the form of brittle rectangular cakes of a yellowish-brown - 
colour. 

Fukugetin , the colouring matter, forms minute canary- 

yellow prismatic needles melting at a88—290° (Perkin and Phipps, 
Chem. Soc. Trans., 1904, 83, 58). It dissolves in alkaline solutions 
with a yellow colour, and gives with alcoholic lead acetate an orange- 
yellow precipitate and with alcoholic ferric chloride a brown-black 
cdofgtioo- 

, < ' Crystalline acetyl and benzoyl derivatives of this colouring matter 
could not be obtained, but tne bromine compound, CirH M Q|Bife 
minute flat needles, melting-point s8o°, is readily prepared by the' 
action pf bromine on fukugetin in the presenceof. acetic add 
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rocogenn ayes muruanted fabrics shades which are almost identical 
with those given by luteolin— 

Chromium. Aluminium. Tin. Iron. 

' Dull orange- Orange-yellow, Bright yellow, Olive brown, 
yellow, 

and resembles this colouring matter in that its alkaline solution is not 
oxidis&l on exposure to air. By fusion with alkali fukugedn gives 
fhlorag/ucinol and protocatechuic acid. 

The dyeing properties of “ fukugi ’’ are analogous to those of 
weld. The similarity in shade indeed is so marked that except in 
point of strength—for fukugi is a stronger dye than weld—it is im¬ 
possible to distinguish between them. 

Scoparin. 

Scoparin, the colouring matter of the Cytisus scoparius (Link.), 
has been investigated by Stenhouse (Annalen, 78, 15), by Hlasiwetz 
(Annalen, 138, 190), and by Goldschmiedt and Hemmelmayer 
(Monatsh., 14, 202). 

Scoparin, Cj 0 H 2( ,O lf „ 5H 2 0 ?, crystallises in small yellow needles, 
melting-point 202—219°, and is soluble in alkaline liquids with a 
pale yellow colour. From a hot aqueous solution it is deposited on 
cooling in a gelatinous condition. The following derivatives have 
been prepared:— 

Hexa-acetytscoparin, C.) ( ,H„ 0 1 , 1 (C 0 CH :l ),„ colourless prisms, melt¬ 
ing-point 255—256°; hexaknzoyl scoparin, C 2 oH 14 O w (C7H 4 0) 4 , yellow 
crystalline powder, melting-point 148—150°; scoparin ethyl ether, 
CsoH 1 jO > (OC 2 H 5 ), needles, melting-point 272°; and acetylscoparin 
ethyl ether, C a H„ 0 8 ( 0 C,,Hj)(C 2 H a 0 )j, needles, melting-point 140— 
241° (Goldschmiedt and Hemmelmayer). 

By fusion with potash scoparin gives vanillic acid, protocatechuic 
acid, acetic acid, and phloroglucinol (H.), and by the more gentle action 
of the alkali phloroglucinol and acetyhatechol monomethyl ether — 

CH S , COj^OCH, 

U 0H 

(Goldschmiedt and Hemmelmayer; Perkin, Chem. Soc. Proc,, 
1899, 15, 123). With boiling hydriodic acid scoparin yields 
1 molecule of methyl iodide, and a new colouring matter scoparein 
(Perkin), which dyes shades almost identical with those given by 
luteolin. Scoparin itself is but a feeble dyestuff, and its factor!*} 
properties are almost indistinguishable from those of vitexin (Vitex 
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littoralis, A. Cunn,). According to Perkin (Chem, Soc. Trans., 
1900, 77, 423), scoparin is probably me/hoxyvitexin, and whereas 
vitexin is closely related to apigenin, scoparin is derived from Ivttolin 
methyl ether — 


OCHj 



Scutellaria altissima. 

Scutellarin. —If the flowers and leaves of Scutellaria altissima 
are extracted with water the solution on keeping deposits crystals of 
scutellarin, C 21 H w Oi2 (Molisch and Goldschmiedt, Monatsh., 1901, 
sa, 68; Goldschmiedt and Zerner, ibid., 1910, 31, 439). It melts 
above 310°, is sparingly soluble in the usual solvents, and the alco¬ 
holic solution gives with lead acetate a red precipitate, and with ferric 
chloride a green coloration passing into red on heating. With the haloid 
acids and sulphuric acid in the presence of acetic acid orange-red cry¬ 
stalline oxonium compounds separate, which are readily decomposed 
in contact with water. Penta-acetylscutellarin, C 2 jH ;3 0 1;! (CjH 3 0 ) s , 
is colourless, melts at 263—265°, and from this by gentle hydrolysis 
scutellarin can be regenerated. On fusion with alkali p-hydroxybenzoic 
acid and a second substance crystallising in leaflets are produced. 
When concentrated sulphuric acid is added to scutellarin suspended 
in water until a clear liquid is obtained, on dilution sculellarein, 
C IS H w O||, is precipitated and glycuronic acid is present in the solu¬ 
tion. The hydrolysis of scutellarin cannot be effected by means of 
dilute acids, though this takes place, however, when its suspension 
in glacial acetic acid is treated with sulphuric acid, the oxonium 
sulphate thus obtained being evidently that of scutellarein. 

Sculellarein when pure forms yellow crystals melting above 300° 
and is soluble in alkaline solutions with a yellow colour, Lead 
acetate solution gives a reddish-yellow precipitate and ferric chloride 
a reddish-brown coloration. On acetylation scutellarein gives the 
colourless tetra-acetyl compound, C 16 H 8 0 # ( 0 Ac) 4 , melting-point 
335—337°, whereas with ethereal diazomethane scutellarein tri- 
methyl ether, C u H T 0 3 ( 0 Me) 3 , melting-point 189—190°, is formed. 
By means uf-methyl alcoholic potash ^nd methyl iodide the tetra- 
methyl compoutWrCJKjO^OMe)* can be obtained in small amount. 
By fusion with potassiilin_bydrate p-hydroxybenioit acid and phlorv- 
gluciml (?) are produced, Whereas a boiling is per cent, solution 
i6* 
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of the alkali gives f-hydnxytuetophtnone and a substance which gives 
the pine-wood reaction of phtoroglucinol. Dilute nitric add gives 
picric, oxalic, and 3-5 iinitro -4 hydroxybenzoic acids. ' 

Scutellarein, according to Goldscbmiedt and Zerner, is a 1:3:4:4' 
or t: 2 :3 : 4' tetrahydroxyflavone— 


OH 


/ 


’VO 


OH 


OH 


\ C0 / CH 



Scutellarin can probably be represented as 

R—0—CH(CH. OH) 2 CH . CHOH . COOH 



R in this formula representing the scutellarein nucleus. 


COUMARANONE GROUP. 

Though colouring matters derived from coumaranone (keto- 
cumaran) have not as yet been isolated from natural sources, there 

O 


A\ / 0 \ 


Vo/ 


CH, 


/ u \ 


CH 


\coh/ 


Ketocumaran. 


/°\ 

Vh/ 

Cumaran, 


CH, 


is some probability of their presence in certain flowers, and they are 
not only historically connected with the earlier attempts to synthesise 
the flavones, but have in certain instances been successfully con¬ 
verted into flavonols. 

Coumaranone (r) is obtained (Friedlander and NeudOrfer, Ber., 
1897, 30, 1077) by boiling acetyl o-hydroxy acetophenone bromide 
(a) with an aqueous suspension of chalk, or by the action of de¬ 
hydrating agents on phenoxyacetic acid (3)— 


00 


/\-0—COCH, 
l i—CO.CH 2 Br 


(1) 


/°\ 


CH, 
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(Friedlander, Ber., 1899,3a, 1867}, and consists of colourless needles, 
melting-point 97 0 . It condenses with aldehydes in the presence of 
hydrochloric acid with formation of benzylidenecoumaranone— 

/°\ 

c=ch.c,h 5 

' v 'CO // 

which was at first considered by Friedlander and Neuddrfer (Ber., 
1897, 30, 1077) to consist of flavone. On substituting proto- 
catechuic aldehyde for benzaldehyde these authors obtained the 
dihydroxy compound— 

OH 

c = ch -<C> oh 

and this is a strong dyestuff which gives on aluminium mordanted 
fabrics an orange, and with iron and chromium mordants brown 
coloured shades. 

The first colouring matter of this group was, however, prepared 
in 1896 by Friedlander and Rudt (Ber., 29, 878) from chlorogal- 
lacetophenone and benzaldehyde— 


fY° N 

V\ co / 



OH 


■CO—CH.Cl 


'n /0X CH,. H fl /0 \:C H <C>H 

V\ co / V\co/ 


and from the analogous resacetophenone derivative other hydroxy 
compounds of this group were obtained later. These are of an 
orange or orange-red colour, as a rule form oxonium salts, and those 
possessing tinctorial property dye alum mordant a much more 
orange shade than the Savone colouring matters. There is indeed 
a close resemblance in this latter respect between these compounds 
and the colouring matters derived from chalkone— 


(^)-CO:CH=CH-C,H, 

(Perkin, Chem. Soc. Trans., ^04, 85, 1465), for butein (see below) 
and the 3 :4: 3': 4' tetrahydroxybenzylidene coumaranone of Fried¬ 
lander and Rudt give almost identical shades. The benzylidene 
coumatanones dissolve in sulphuric acid with the production of a 
red or red-violet coloration, and can thus again be distinguished 
from flavones which in this manner give either colourless or pale 
yellow solutions, 
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In >896 Kesselkaul and v. Kostanecki (Ber. t 29,1886) suggested 
that judging by its colour reactions the colouring matters of Pried' 
lander and Riidt were not, as these authors suggested, flavone but 
rather coumaranone derivatives, and the true constitution of these 
substances became evident on the synthesis of flavone itself by Feuer- 
stein and v. Kostanecki (lot. at.). That benzylidenecoumaranones 
can be converted into flavanol derivatives has been shown by Auwere 
and Muller (Ber., 1908, 41, 4203), and this transformation is dis¬ 
cussed in a later chapter. 

Coumaranone is also interesting as the source of ox-indigo— 
C.H/ >C=C( )CjH, 

x or x co x 


the oxygen analogue of indigotin. This crystallises in yellow prisms, 
but does not possess any tinctorial value. 

Analogous colouring matters can be obtained from diketohydrin- 
dene (indandione), this also possessing the reactive methylene 
group, with aldehydes. Thus by heating this compound with 
protocatechuic aldehyde at 110—120° v. Kostanecki prepared the 
dibydroxybenzylidene derivative— 


c °\ 

c,H 4 ( >c= 

x ct / 


OH 


:CH- 


OH 


which consists of brownish-yellow needles, melting-point 257°, soluble 
in alkaline solutions with a red-violet colour and gives yellow shades 
on aluminium mordanted fabrics. 

From indoxyl also in a similar way Perkin and Thomas (Chem. 
Soc. Trans., 1909, 95, 798) prepared dihydroxybenzaldehydeindo- 
genide— 



crystallising in orange-red needles, and producing with aluminium 
mordanted fabrics dull scarlet shades. 



CHAPTER VI. 

THE CHALKONE AND FLAVANONE GROUPS. 

Huita frnndosa, 

Chalkone or benzylideneacetophenone and its hydroxy derivatives 
have been already referred to in connection with the synthesis of 
flavone compounds. Chalkone itself is readily prepared by the inter¬ 
action of acetophenone and benzaldehyde (Claisen, Ber., 20, 257)— 

QH 5 .CO.CH s + C„H 5 COH ->C,H 5 . CO. CH 2 .CHOH .C 8 H 5 
-» C,H S . CO. CH: CH . C„H 5 + H 2 0 

It consists of yellow rhombic prisms, melting-point 57—58°. 

When submitted to hydrolysis it is reconverted into the aldehyde 
and ketone, a reaction which is the reversal of that given above— 

C„Hj. CO. CH : CH. C,H S -» QH S . CO. CH 2 . CH, OH . C„Hj 
- -*■ C 0 H S . CO. CH 3 + C„H 5 CH(OH)., -> C 5 H 5 . COH + H s O 

By the employment of hydroxyacetophenones and hydroxyben- 
zaldehydes, in general previously methylated, numerous chalkone 
derivatives have been obtained by v. Kostanecki and his co-workers. 
But one natural colouring matter of this group known as butein has 
at present been isolated, and the synthetically prepared compounds 
have been more specially interesting owing to their employment for 
the synthesis of the fiavonol group of colouring matters. 

Ryan and O’Neill (loc. cit.) by the aid of diacetoresorcinol have 
obtained dichalkone compounds. Thus diacetoresorcinol dimethyl 
ether and benzaldehyde form dibenzylidendiacetoresorcinol dimethyl 
ether, and this by the action of aluminium chloride is dimethylated 
with production of the free hydroxy compound— 

oh/Noh 

C,H S . CH : CH-CO—Ij-CO-CH : CH. C a H 6 

It was obtained as yellow crystals melting at 196—198°. 

Interesting is the fact shown by these authors (ibid., 1915, 8,167) 
that by a variation in its method of preparation four distinct varieties 
of this dichalkone can be produced. 

Whereas three of these designated as a, /3 and 8 are stereo-isomers, 
the fourth or y variety is structurally related to the other three. 
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When a-hydroxychalkone is digested at the boiling temperature 
with alcoholic sulphuric acid, flavanone (dihydroflavone) is produced 
according to the following scheme:— 


(V H r€ 

V\ C0 /CH 


—OH HO . CH—C e Hj 
—CO-CH* 


Q /0 Vh-C 


9 


and this is the method generally adopted for the synthesis of flavanone 
derivatives. On the other hand, though as a rule a chalkone only 
is produced by the interaction of aldehyde and hydroxyketone, when 
gallacetophenone dimethyl ether (Woker, v. Kostanecki, and Tambor, 
Ber., 1903, 36, 4235) or quinacetophenone monomethyl ether (v. 
Kostanecki and Lampe, ibid., 1904, 37, 773) are condensed with 
benzaldehyde in the presence of sodium hydroxide the respective 
flavanones (1 and 2) are thus directly obtained— 

OMd Q Q 

MeO/\ / ^CH—C,H t /V' Vh-QH, 

(i) \A C0 /ch 2 ^ Me0 \/\ C0 /<!:H 2 


On hydrolysis the flavanones yield chalkones, a reversal of the 
equation given above. In the case of butin and its derivatives 
which are described later, this not only takes place in presence 
of alkali, but also on digestion with alcoholic sulphuric acid. The 
reaction in these cases is not unidirectional, and the conversion 
of flavanone into chalkone, or chalkone into flavanone, is never 
complete. 

Chalkones which contain hydroxyls in the ortho position to one 
another, in the position 3': 4' are powerful colouring matters, whereas 
flavanones possessing similar hydroxyls are not dyestuffs, as indeed 
their constitution indicates. During the dyeing operation, employing 
mordanted woollen material hydrolysis occurs (compare butin), and 
the shades produced by them are in reality those derived from the 
chalkone. Flavanone crystallises in small colourless needles, melting 
at 75—76*. 

As already pointed out, the bromflavanone (1) by elimination of 
hydrobromic acid readily yields flavone (2)— 
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O 7 ° ^CH-QH, 

\ C0 /iHBr 

and; again, flavanones may be converted into flavonols, a reaction 
which is described later on. 



Butea frondosa. 

The jButea frondosa, also called Dhak or Pulas, is a fine treei 
30—40 feet high, belonging to the order Leguminous. It is common 
throughout India and Burma, and is found in the North-West 
Himalaya, as far as the Jhelum River. The flowers, which in 
the dried condition are known as tisu, k£sd, kesuda or palAs-k^ppul, 
have a bright orange colour, and, although they are much larger, 
closely resemble in appearance the common gorseflower (UUx 
europaus), with which, indeed, they are botanically allied. Large 
quantities of the flowers are collected in March and April, and 
employed by the natives to produce a yellow dye, much used 
during the " Holi ’’ festival. The dyeing operation, which consists 
in steeping the material in a hot or cold decoction of the flowers, 
is virtually a process of staining, because the colour can be readily 
washed out. On the other hand, a more permanent result is some¬ 
times produced either by first preparing the cloth with alum and 
wood ash or by adding these substances to the dye-bath. 

From the Butea froniosa is also obtained the so-called “ Butea 
gum ” or “ Bengal kino,” employed by the natives for tanning leather, 
and the tree is of additional interest because in many parts of India 
the lac insect ( Coccus lacca) is reared upon it. This latter, as is well 
known, causes the formation of stick lac, from which shellac and lac 
dye are prepared, 

Butin, C 15 Hi S 0 5 .—The flowers are extracted with water, and the 
extract digested boiling with a little sulphuric acid. A light viscous 
precipitate devoid of dyeing property separates, and this is removed 
while hot and the filtrate left over-night. The clear liquid is now 
decanted from a small quantity of tarry substance, and partially 
evaporated on the water-bath. A further quantity of a black viscous 
precipitate thus separates, and when this has been removed the 
filtrate, after so.me days, deposits crystals of the colouring principle. 
For purification the product is dissolved in a little alcohol, the mixture 
poured into ether, and the solution well washed with water. The 
liquid is evaporated, and the residue repeatedly crystallised from dilute 
j^gbghd {Perkin and Hummel, Chem. Soc. Trans., 1904, 8$, * 4 S 9 )< 
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Butin crystallises froih alcohol in colourless needles with ^HjO, 
melting-point 324—226°, and ftom water in pale yellow needles with 
,11,0; dissolves in alkaline solutions with a pale orange-red tint, 
and gives with alcoholic acetate of lead a faintly yellow almost colour- 
dess precipitate. It forms a triacetyl derivative, C 1s Hj0 s (C,H,0)3, 
colourless leaflets, melting-point 133—1*5°. and a tri bentoyl com¬ 
pound, CuHAiCrHsO)*, colourless needles, melting-point 155-15 7°. 
On fusion with alkali at 200—320° butin gives protocatechuic acid. and 
resorcinol. 

When butin is boiled with dilute potassium hydroxide solution, 
the pale-coloured liquid becomes much darker, and on acidifying an 
orange crystalline precipitate separates which consists of butein. 

Butein, C 15 H,A, HA needles, melts at 213-215°; dissolves 
in alkaline solutions with a deep orange-red colour, and with 
alcoholic lead acetate gives a deep-red precipitate. Acetylbulein, 
C u HA(C 2 H S 0 ) 4 , pale-yellow needles, melts at 129—131°. 

When fused with alkalis butein gives resorcinol and protocaiechuic 
acid, whereas by the action of boiling 50 per cent, potassium 
hydroxide solution, protocatcchuic acid and resacelophenonc are pro- 
duced. 

By methylation with methyl iodide butin gives butin trimethylether, 
C ls HA(OCH 3 )„ colourless plates, melting-point 119—121°, and also 
butein trimethylether , Ci5H 9 Oj(OCHs)s, yellow leaflets, melting-point 
,56—158°. In a similar manner, butein yields not only butein tri¬ 
methylether, but also butin trimethylether. 

The constitution assigned to butein by Perkin and Hummel is 
that of a tetrahydroxybenzylidene acetophenone ( tetrahydroxychalkont ) 
(1), and to butin that of the corresponding fiavanone (2) :— 

OH 

(,) oh/\oh f ^ 011 

tl-CO-CH-CH-L^J 

OH 

(2) OH^V ° X CH- <^) 0H 

• U\ C0 / CH> 

and that these formula are correct has been established by the 
synthesis of butpin and butin trimethylethers by these authors. ThflS 
by the condensation of resacetophenone monomethylether with yegt*. 
tjnc aldehyde, butein trimethylether (t) is produced:— 
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OCH 3 

( 2 ) OCHjj^N—0—CH—/ \oCH 3 




\/ 


!-co-ch 2 


and this, when digested with boiling dilute alcoholic sulphuric acid, 
a method devised by v. Kostanecki and his colleagues (Ber., 1904, 37, 
784, 773, 779), gives butin trimethylether (2). 

Somewhat later (Ber., 1911, 44, 3502) Goschker and Tambor 
prepared butein itself by treating protocatechuic aldehyde and 
resacetophenone in boiling alcohol with potassium hydroxide solution 
and found this to be identical in all respects with the natural product. 
Butein methylether, yellow needles, melting-point 185°, 3': 4' butein 
iimethylethcr , yellow prisms, melting-point 203°, and butein tctra- 
methylether (Ber., 1912, 45, 186), colourless needles, melting-point 
89°, were also described. 

, Butein itself is also converted into butin by means of dilute 
alcoholic sulphuric acid, and the butin can again be transformed into 
butein by the action of potassium hydroxide solution. With alcoholic 
potash butin trimethylether also gives butein trimethylether, and these 
changes are readily explained if it is assumed that the intermediate 
compound or its trimethyl ether— 

OH 

O'h/^OH CH(OH)-</^>OH 
^J-CO-CH, 

is the first product of the reaction in each case, and that this subse¬ 
quently, by loss of water, passes into either chalkone or flavanone, 
or both. 

When butein dissolved in acetic acid is treated with a few drops 
of sulphuric acid, and the solution is boiled, a new substance gradually 
separates.in the form of crystals, which possess a beetle-green 
iridescence, and dissolves in alkaline solutions with a deep-blue 
colour. The acid liquid decanted from the crystals, on dilution 
with water, gives a brown precipitate soluble in alkalis with a bluish- 
violet coloration, which dyes mordanted calico shades of a similar 
character to those yielded by anthragalloL It appears probable that 
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this more soluble substance represents the first product of the reaction, 
and is subsequently converted into the green iridescent compound. 
A consideration of the formula of butein renders it unlikely that these 
new substances are anthraquinone derivatives; on the other hand, it 
is suspected that by loss of water ring formation takes place, and 
that an indone derivative of the following type is first produced:— 

OH 

,-C— 

CO—CH 

Butin and butein dye mordanted woollen cloth identical shades, 
though as butin gives with an alcoholic lead acetate a practically 
colourless precipitate, it is not to be regarded as a colouring matter. 
In other words, butin is merely a colouring principle, and is con¬ 
verted during the dyeing operation by the action of the mordant into 
the colouring matter butein.* 

The following shades are obtained:— 

Chromium, Aluminium. Tin. Iron. 

Reddish-brown, Brick-red, Full-yellow, Brownish-black, 
and these are strikingly similar to those yielded by some of the 
hydroxybenzylidenecoumaranones artificially prepared by Friedlander 
and Riidt (Ber., 1896, 29, 879) (see above). 

The butea flowers contain but a trace of free butin or butein, 
and the glucoside present, which has not yet been isolated, is prob¬ 
ably that of butin. This glucoside does not decompose readily 
during the dyeing process, hence the flowers do not dye mordanted 
cotton. In wool-dyeing, where acid-baths are employed, a better 
result is obtained, although in this case the shades possess but little 
strength. If the glucoside is first hydrolysed by boiling the flowers 
with dilute hydrochloric acid, or if sulphuric acid is employed, and 
the acid then neutralised with sodium carbonate, on evaporation 
a material is obtained which readily dyes by the usual methods. 
Such products give the following shades: with chromium, deep 
terra-cotta; with aluminium, a bright orange; with tin, bright yellow; 
and with iron, a brownish-olive. The chromium colour is character¬ 
istic, and is much redder in tint than that yielded by any known 
natural yellow dye. 

* This result has been criticised by Gbschker and Tambor, who by the employ¬ 
ment of mordanted calico obtained from butin very weak shades. It is, however, 
certain that by the use of mordanted wool a conversion of butin into butein 
occurs. 
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FLAVONOL GROUP. 

Introduction — Flavonol—Galanga Root— Delphinium consolida Flowen— 
RoUnia pseudacacia Flowers —Young Fustic—Yellow Cedar—Quercitron 
Bark— Thuya occidental—Sophora japonica —Onion Skins—Heather— 
Thespasia macrophylla—Eucalyptus macrorhyncha—Podophyllum modi — 
Clover Flowers— Prunus fwarginafa—Persian Berries— Rhamnus catkin- 
ttcuj—Asbarg—Yellow Wallflower—Old Fustic—Osage Orange—Jak-wood 
—Myrica nagi— Cotton Flowers—African Marigold. 


Flavonol. 



It is usual to subdivide the great family of yellow colours derived 
from flavone into two classes, flavone and flavonol, and the latter 
group is distinguished by the fact that the hydrogen in the y-pyrone 
ring of these compounds is substituted by hydroxyl, whereas in the 
former it is not. 

Flavonol, so designated by v. Kostanecki, was synthesised by 
v. Ko 9 tanecki and Szabrdnski (Ber., 1904, 37, 3819) in the follow¬ 
ing manner 

By the action of amyl nitrite and hydrochloric acid in alcoholic 
solution on fiavanone, isonitrosoflavanone (1), melting-point 158— 
* 59 * is produced, and this by means of boiling dilute acids splits off 
bydroxylamine and is converted into flavonol— 

/ 0 \CH—C|H { 

(i)C,H 4 I + 11 , 0 -*- 

\ C0 / C:N0H 

/ 0 \C—CJL 

-»C,H 4 || +NH.OH 

\co/ c ' OH 
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Flavonci crystallises from alcohol in yellow needles, melting* 
point 167—170°. When wanned with aqueous sodium hydroxide it 
forms a yeUow liquid, and on cooling the sodium salt separates in 
the form of yellow needles. Its solution in sulphuric acid exhibits 
an intense violet fluorescence. Acttylflavonol , colourless needles, 
melts at no—111°. 

According to Auwers and Muller (Ber., 1908, 41, 4233) benzyl- 
idenecoumaranones can be converted into flavonols. Thus benzyl- 
idene 4 methylcoumjuranone dibromide when treated with potassium 
hydroxide gives 2 methylflavonol. The reaction may be thus ex¬ 
pressed :— 

/°\ 

CH,.QH 3 CBr. CHBr. C 0 H S 

' x co // 

/OH Br 

-*■ CH .C 4 H 3 

\ C o—c=-t:.c,h 6 


/ o \ c _ c ,h 5 

-*CH 3 .C,H 3 I! 

\co/ COH 

* The hydrolysis of flavonol into o-hydroxybenzoylcarbinol and 
benzoic acid may be expressed by the following equations:— 

/°\C-C.H. ’ /OH HO.C C.H. 

C.H. II - UH. I 

\co/ COH \co/ COH 

/OH CO—C,H t 

- c # h k I 

\CO—CHOH 
/OH 

-*C,h/ 4 CjHjCOOH 

\CO—CH s OH 


and this reaction, which is typical of the behaviour in these drcum- 
Stances of the whole series of these compounds, has in general been 
employed to ascertain their structure. It is best effected by digest¬ 
ing the fully methylated flavonols with boiling alcoholic potash for 
some hours, for owing to the occurrence of secondary reactions |t can¬ 
not be satisfactorily carried out with the unmethylated compounds. 
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For the synthesis of numerous flavonols, many of *hich occur 
naturally, v. Kostanecki and his co-workers have employed as a 
general method that found serviceable for the preparation of flavonol 
itself, and many instances of this are given in the sequel. The 
flavonols, with the exception of morin, which curiously enough is 
colourless, are yellow crystalline substances, soluble in alkaline 
solutions with a yellow colour, and yield with ease in the presence 
of acetic acid orange crystalline oxonium salts. According to 
Perkin, whereas as a rule hydroxyflavones are not oxidised by air in 
alkaline solution and can be precipitated therefrom unchanged by 
acids, flavonols on the other hand are readily decomposed in this 
manner with the formation of water-soluble products. 

Interesting is the fact that though certain colouring matters of 
this group do not possess two hydroxyls in the ortho-position re¬ 
latively to one another, they are nevertheless strong dyestuffs, and of 
these the tetrabydroxyflavonol morin may be taken as an example— 


0 0H 

0 H Q' YO° h 


OH 


W C0H 


That this peculiarity arises from the presence of the pyrone hydroxyl 
is evident if the structure of morin is compared with the lotoflavone 
of Dunstan and Henry {foe. cit .)— 


°f) 

OH 


/°v 


OH 

'TT'- 

v 


OH 


CO 


/CH 


the tinctorial properties of which are exceedingly feeble. It seemed 
possible that this dyeing effect was to be attributed to the fact that 
this compound contains the hydroxyl (i) in the peri-position to the 
chromophore and which is present in most of the natural dyes of this 
group. Such a suggestion, however, became untenable on the 
synthesis of resomorin— 
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by Bonifazi, v. Kostanecki, and Tambor (Ber., 1906, 39, 86), which 
dyes the same shades as morin but does not contain the peri-hydroxyl 
in question. Evidently therefore the tinctorial properties of these 
hydroxy flavonols can only be accounted for by their possession of 
the grouping 

C =0 
i—OH 

the effect of which is considerably strengthened by the presence of 
hydroxyls in other positions in the molecule, and this has received 
support from the observation of v. Kostanecki and Szabrinski that 
flavonol itself dyes on aluminium mordant a pale yellow shade. 
Though ortho-hydroxyl groups are not essential to the dyeing pro¬ 
perty of hydroxyflavonols, their presence, at least in certain positions, 
has considerable influence, not only in deepening the tone, but also 
in reddening the shade. Thus, whereas morin dyes bright yellow 
shades, quercetin (1) 



gives a brown-orange shade on aluminium mordant, and the effect 
of the pyrone hydroxyl is very evident on comparing quercetin with 
luteolin (2) which gives in the same way only a bright yellow colour. 
A multiplication of hydroxyls does not effect any general alteration of 
shade given by these compounds, as is so well known to take place 
in the anthraquinone group, and this affords support to the theory of 
Watson previously mentioned. 

The shades given by the flavonols are not so fast to light as 
those given by the flavone luteolin, and this may arise in part owing 
tb the greater susceptibility of their salts (or lakes) to oxidation. 
In this respect they vary again among themselves, quercetin bang a 
somewhat foster colour than fisetin, and morin than quercetin. 
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On the other hand* the character of the shade given by the 
natural dyestuff varies in, tone, as to whether the colouring matter is 
present as glucoside or in the free condition. Thus in dyeing with 
quercitron bark, quercitrin and not quercetin is the dyestuff, whereas 
in old fustic no glucoside is present, and the tinctorial effect is due 
to rtiorin itself.' The shade again given by a glucoside is naturally 
dependent on the position of the sugar nucleus, and thus the quer¬ 
cetin glucoside, quercimeritrin (see Cotton Flowers) has'quite dis¬ 
tinct properties in this respect from quercitrin itself. Again, a 
glucoside may be almost devoid of tinctorial property, as in the case 
of the kaempferol glucoside robinin and the alizarin glucoside 
ruberythric acid. The idea formerly held that glucosides in general 
were not true dyestuffs, and that during the dyeing operation by the 
action of the mordant they were hydrolysed with production of the 
colour lake of the free colouring matter, is incorrect. This evidently 
arose from the fact that in certain of these dyestuffs, as, for instance, 
madder and Persian berries, the glucoside is accompanied by its 
specific enzyme, which in case the temperature of the dye-bath is 
gradually raised from the cold upwards, effects the hydrolysis of the 
glucoside before the dyeing operation has really commenced. 

In the following pages the natural dyestuffs containing flavonols, 
or their glucosides, are as far as possible arranged as to the number 
of hydroxyls present in the colouring matter, commencing with those 
which contain least. As, however, in many plants more than one 
flavonol is present, it has obviously not been possible to adhere 
strictly to this method of classification. 

Galanga Root. 

Galanga root is the rhizome of Alpittia offidnarum (Hance) and 
is a native of China. It is employed in the form of a decoction as a 
remedy for dyspepsia. 

Galanga root was first examined by Brandes (Arch. Pharm., (a), 
*9i 5 s ), who isolated from it a substance which he named kaemp- 
feride, but this, according to Jahns (Ber., 1881, 14, 2385), was a 
mixture of three substances, kaempferide, alpinin, and galangin. The 
subject was later examined by Gordin (Dissert., Berne, 1897), and by 
Ciamician and Silber (Ber., 1899, 3a, 861) and Testoni (Gaazetta, 
1900, 30, ii., 327), and it is now clearly demonstrated that galanga 
root contains kaempferide, galangin, and galangin monomethylether. 
According to Testoni, the alpinin of Jahns is a mixture of galangin 
and kaempferide. 

JCatmpftride, consists of yellow needles, melting-point 
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227—219’, soluble in alkaline solutions with a yellow colour, 
Sulphuric acid gives a blue fluorescent yellow solution. 

Triaceiylkaempferide, Ci*H 9 0 < (CjH s 0 )s, colourless needles, 
melting-point 193—194° (Ciamician and Silber and Testoni) (com¬ 
pare also Jahns), tribenzoylkaempferide, CuHAfCrHjOJa. melting- 
point 177—178° (Testoni), kaempferide diethylether, 
C„H]A(OC,H 5 ) 2 

(Testoni), yellow needles, melting-point 137—139°, and dibrom - 
kaempferide, C 1# H 10 Br 2 O e , yellow needles, melting-point 224—225° 
(decomp.) (Jahns) have been prepared. In the presence of acetic 
acid, kaempferide yields, by means of mineral acids, yellow crystal¬ 
line compounds, and alcoholic potassium acetate gives mono- 
potassium kaempferide, C 18 H u O fl K, H-O, yellow needles, which is 
decomposed by boiling water (Perkin and Wilson, Chem. Soc. Trans., 
1903, 83, 136). Kaempferide is in reality kaempferol monomethyl- 
ether (v. Kostanecki and Rozycki, Ber., 1891, 24, 3723)— 



HO 


For a detailed description of kaempferol see Delphinium consolida, 

Galangin, C 15 H 10 O 5 , the second constituent of galanga root, 
crystallises in yellowish-white needles, melting-point 214—215°, 
soluble in alkaline solutions with a yellow colour. With acetic 
anhydride, it gives a triacetyl derivative, C 15 H 7 0 6 (C 2 H 3 0 )j, melting- 
point 140—142° (Jahns), and by means of methyl iodide a dimethyl- 
ether, C 16 H e 0 3 (OCH 3 ) 2 , melting-point 142“. 

Galangin gives crystalline compounds with mineral acids in the 
presence of acetic acid, and reacts with alcoholic potassium acetate, 
yielding monopotassium galangin, yellow needles (Perkin and Wilson). 
When fused with alkali, phloroglucinol and benzoic acid are obtained. 
Galangin is a dihydroxyflavonol — 



and has been synthesised by v, Kostanecki and Tambor (Ber., 1899, 
32, 2260), by a series of reactions similar to those employed in the 
preparation of kaempferoL 

a-Hydrojty-4: 6*dhnethoxychalkone— 
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och/N-oh ch - 0 

l^J-CO-CH 

OCH, 

was converted into the corresponding flavanone, and the latter into its 
ftonitroso derivative. This compound, on boiling with dilute sulphuric 
.acid, gave i: 3-dimethoxyflavonol which, when heated with hydriodic 
acid, was transformed into galangin. Galangin dyes with mordanted 
woollen cloth the following shades :— 

, Chromium. Aluminium. Tin. Iron. 

Olive-yellow. Yellow. Lemon-yellow. Deep olive, 

Galangin monomethylether, C 15 H # 0 ( ( 0 CH s ), was first isolated from 
galanga root by Testoni (loc. cit.). It crystallises from methyl alcohol 
in bright yellow prisms, melts at about 300°, and dissolves in strong 
alkaline solutions with a yellow colour. Diace/ylgalangin monomethyl- 
other, C w H 10 O 4 (C a H 8 O) a , forms yellowish-white leaflets, melting at 
175—176°. 

When air is aspirated through an alkaline solution of galangin 
monomethylether, it is oxidised with formation of benzoic acid and 
phloroglucinol (Perkin and Allison), and therefore possesses the con¬ 
stitution— 



Delphinium consolida. 

Delphinium consolida is a common European plant belonging to 
the Larkspur family; its name refers to its powers, real or imaginary, 
of healing or consolidating wounds. The blue flowers were examined 
by Perkin and Wilkinson (Chem. Soc. Trans., 190a, 81, 585) to 
djjfermine if these yield the same colouring matters as those previously 
1 ablated from the flowers of the D. zalil (ibid., 1898,73, 267). The 
presence of kaempferol only could, however, be detected. For 
it* isolation an aqueous extract of the flowers was digested at the 
boiling-point with addition of sulphuric acid, and the brown resinous 
product which separated on keeping, extracted with alcohol and the 
extract evaporated to a small bulk. Addition of ether to this solu¬ 
tion caused the precipitation of resinous impurity, and on evaporarihg 
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the ethereal liquid a semi-crystalline residue of the crude colouring 
matter was obtained. The product was crystallised from dilute 
alcohol, converted into acetyl derivative, and this after purification 
’ retransformed into colouring matter in the usual manner. The yield 
was approximately i per cent. 

Kaempferol, C J5 H 10 O ( , consists of yellow needles, melting-point 
276—277°, soluble in alkaline solutions with a yellow colour. These 
liquids on exposure to air are slowly oxidised with development of a 
brown tint. 

Tetra-acetylkaempferol , C 15 H 5 Oj(CjH s O) 4 , when crystallised from 
methyl alcohol forms colourless needles, and when heated comment** 
to melt at n6°and becomes completely fluid at 120°. On further 
heating, however, gradual solidification ensues and the product 
subsequently melts at i8i— 182°. This peculiarity of acetylkaemp- 
ferol, which is not apparent when the substance is crystallised from 
ordinary alcohol, affords a convenient method for its detection. 

Tribromkaempferol ', C 15 H 7 Br 8 0 # , forms yellow needles, melting- 
point 257—277°; kaetnpferol sulphate , C 14 H m 0 jH 2 S 0 4 , orange-red 
needles; kaetnpferol hydriodide, C 16 H 10 O e HI, needles, and monopotas¬ 
sium kaempferol, C 15 H, 0 ,K, orange-yellow prismatic needles. 

Kaempferide , a monomethyl ether of kaempferol, exists in Galanga 
root, and a similar compound, apparently distinct from this latter, has 
been isolated from the berries of the Rhamnus catharticus. The 
glucosides at present known of kaempferol are robinin , which occurs 
in the flowers of the Robinia pseudacacia ; kaempferitrin, found in 
the leaves of the Indigofera arrecta; and kaempferin, which has been 
isolated from senna (loc. cit.). 

Fused with alkali, kaempferol gives phloroglucinol and p-hydroxy- 
btntoic acid. 

To kaempferol v. Kostanecki assigned the constitution of a tri- 
hydroxyflavonol (Ber., 1901, 34, 3723)— 

HO fY° v K> 

\A co / coh 

and this compound has been synthesised by v. Kostanecki and 
Tambor (Ben, 1904, 37,792). 

s Hydroxy .4:6:4' trimcthoxychalkonc (1) when digested with 
boding dilute alcoholic sulphuric acid gives 1:3:4' trimethoxy 
flavanone (2)— 
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chjo/V 7 0 XxCH —) och 3 

S 'C0- /CH2 

OCH 3 


and the latter by means of amyl nitrite and hydrochloric acid is con¬ 
verted into iso-ni/roso 1:3:4' trimethoxyflavanone (3). 

When a solution of this substance in acetic acid is boiled with 
10 per cent, sulphuric acid 1:3:4' trimthoxyflavonol (4) is produced, 
from which by the action of hydriodic acid kaempferol (5) is readily 
prepared— 


( 3 ) 


CH a o/y 0 \CH-0 ° c H 8 

L 0 /c=n° h 


och; 



' Kaempferol possesses well-defined dyeing properties, and gives 
with mordanted woollen cloth the following shades which closely re¬ 
semble those given by morin (loc. cit.) :— 

Chromium. Aluminium. Tin. Iron. 

Brownish-yellow. Yellow. Lemon-yellow. Deep olive-brown. 

It is also present in the Impatitns balsamina (Chantiii Pass), the 
Erythrina slricta (vernacular name “Kon kathet”), (Perkin and 
Shulman, Chem. Soc. Proc., 1914, 30, 177), the berries of the, 
Rkamnus catharticus (loo. cit.), and together with quercetin, both 
apparently as glucosides, in the flowers of the Prunus spinosa (Perkin 
and Phipps, them. Soc. Trans., 1904, 85, 56). For the separation 
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of the two colouring matters a fractional crystallisatioif from acetic 
add was employed, kaempferol in these circumstances being the more 
sparingly soluble. 

The Flowers or the Robinia pseudacacia. Robinin. 

Robinin was first isolated from the flowers of the white Azalea by 
Zwengerand Dronke (Annalen, Supp., 1861, i, 263), who considered 
that it was a glucoside of quercetin. Perkin (Chem. Soc. Trans., 
1902, 81, 473) has shown that this is not the case. 

*To prepare the glucoside the flowers are exhausted with boiling 
alcohol, the solution concentrated by evaporation and poured into 
water. The mixture is extracted with ether, and the aqueous liquid 
distilled down to a small bulk. On standing, crystals of robinin 
separate, which are purified by crystallisation from water. 

Robinin, according to Perkin, consists of pale yellow needles, 
sintering at 190° and melting at 196—197°, and when air-dried it 
possesses the formula C 3 ;j H,.,O 20 , 8H a O. 

Boiling dilute sulphuric acid hydrolyses robinin with formation 
of kaempferol, 2 molecules of rhamnose and r of glucose, accord¬ 
ing to the following equation:— 


CjjHjjOjo + 4 H 2 0 = C 16 H w O 0 + 2C (i H ; ,0 0 + QHuOj 

Schmidt (Chem. Zentr., 1901, ii., 121), who examined robinin at 
almost the same time, also obtained by its hydrolysis a colouring 
matter C 15 H 10 O 0 , the acetyl compound of which melts at 182—183° 
(evidently kaempferol), and Waljascko (J. Russ. Phys, Chem. Soc.,' 
1904, 36, 421), again, no doubt, also unaware of the communication 
of Perkin, terms this colouring matter Cir,H 10 O s , H 2 0 , robigtnin. 
Robinin he considered to possess the formula C^RidOm. 7 |HjO, and 
the sugars that it yields by hydrolysis to consist of galactose (1 mol.) 
and rhamnose (2 mols.). 

Robinin is a most interesting glucoside, and with the exception of 
xanthorhamnin is the only known substance of this class which yields 
three sugar nuclei. It is practically devoid of tinctorial property. 

Interesting is the fact that whereas the bark of this plant contains 
atauth1, the monomethyl ether of the trihydroxyflavone, apigenin, 
its flowers yield the glucoside of the trihydroxyflavonol kaempferol 
Whether the occurrence of distinct flavones in various portions of the 
same plant is exceptional or otherwise, has been little studied, and 
anpears to have only been observed elsewhere in the cases of die 
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yellow cedar (Rhodtsphacra rhodanihema), the leaves of Which con¬ 
tain quercetin and the stem flsetin, and the Venetian sumach, the 
stem of which contains flsetin and the leaves myricetin. 

Young Fustic. 

Young fustic consists of the wood of the stem and larger branches 
Of the Rhus cotinus (Linn.), a small tree which is a native of 
Southern Europe, and the West India Islands. It is a hard com¬ 
pact yellow wood, and is usually imported in small bundles or faggots. 
Within the last few years young fustic has almost disappeared from the 
market, not only on account of the artificial colouring matters, but 
because the shades it yields lack permanence, and the percentage of 
colouring matter it contains is small. 1 he leaves of the R. cotinus 
constitute Venetian sumach, a tanning material which is employed 
to some extent in Italy and Southern Europe. 

fisetin, C u H 10 O„ the colouring matter of young fustic, was first 
isolated by Chevreul (“ Lemons de Chimie appliquee a la Teinture," 
A. ii., 150), who gave it the name 11 Fustin ”. Bolley (Schweiz, polyt. 
Zeitschr., 1864, 9, 22) considered that it was identical with quercetin, 
but Koch (Ber., 5, 285) maintained that fisetin was probably an 
aldehyde of quercetinic acid. 

Schmid (Ber., 1886, 19, 1734). who carried out an exhaustive 
examination of this dyewood, obtained fisetin in a pure condition and 
proved that it was not identical with quercetin. He found that in 
addition to the free colouring matter, young fustic contains a gluco- 
side of fisetin combined with tannic acid to which he gave the name 
of fustin iannide. 

To prepare fisetin, Schmid [loc. cit.), and later Herzig (Monatsh., 
ra, 178), employed “cotinin" (v. infra), a. commercial preparation 
of young fustic which is no longer on the market. According to 
Perkin and Pate (Chem. Soc. Trans., 1895, 67, 648), fisetin is readily 
isolated from the dyewood as follows 

fi Young fustic is extracted with boiling water, and the extract 
treated with lead acetate solution. The lead compound of the 
colouring matter is collected, made into a thin paste with water, and 
in ft fi ne stream run into boiling dilute sulphuric acid. After removal 
of 1 lead sulphate the dark-coloured filtrate, on cooling, deposits a semi¬ 
crystalline brownish mjss, which ;s collected and purified by crystal¬ 
lisation from dilute alcohol. 

Schmid assigned the formula C„H w O # to fisetin, but it was found 
by Herzig that the analyses agreed equally well with CuH b Oi, and that 
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this formula was correct was supported by the work of, Perkin and 
Fate (Jot. tit.), who gave to. fisetin sulphate the formula— 

c 1 ,h,a'h s so 4 . 

Fisetin forms yellow needles, melting at above 360°, easily soluble 
in alcohol. Alkaline solutions dissolve it with a deep yellow colour 
which, on exposure to air, gradually changes to brown; with alcoholic 
ferric.chloride it gives a deep green coloration, and with lead acetate 
a bright orange-red precipitate. Tetra-acetylfisetin, Ci 5 HjOj(CjHjO) 4 , 
melting-point 196—198°, crystallises in colourless needles, and the 
benzoyl derivative, Ci 5 H s 0j(C 7H 5 0) 4 , needles, melts at 180—181° 
(Perkin and Pate), (Schmid, 184—185“). Fisetin gives with mineml 
acids in the presence of acetic acid crystalline salts. Fisetin sulphate, 
CijHmA . H 2 SO„ scarlet needles, fisetin hydrobromide, C ls H 10 Oj. HBr, 
orange needles, and fisetin hydrochloride have been prepared in this 
manner (Perkin and Pate). These compounds are readily decom¬ 
posed by water. Monopotassium fisetin, C ls H 9 O fl K, yellow needles 
(Perkin, Chem. Soc. Trans., 1899, 75, 433), is obtained from fisetin by 
means of alcoholic potassium acetate. 

By fusion with alkali or oxidation of its alkaline solution by ex¬ 
posure to air fisetin gives resorcinol and protocatechuic acid (Herzig). 

On ethylation with ethyl iodide fisetin is converted into fisetin 
tetraethyl ether, Ci 5 H 4 Oj(OC 2 H 8 ) 4 , colourless needles, melting-point 
106—107°; the corresponding methyl derivative, C, 5 H, 0 ,( 0 CH,) 4) 
melts at 152—153°. 

When fisetin tetraethyl ether is submitted to the action of boiling 
alcoholic potash it gives protocatechuic acid diethyl ether, and fisetol 
diethyl ether (Herzig), colourless needles, melting-point 42—44°. 
This latter compound, by oxidation with permanganate, is converted 
into the monoethyl ether of resorcylic acid, and the monoethyl ether of 
resorcinolglyoxylic acid, and consequently fisetol diethyl ether may be 
thus represented— 


oqh/Voh 

I.J-CO—CH a . OC 2 H 6 


As a result of his investigation Herzig assigned to fisetin the con¬ 
stitution of a trihydroxyflavonol— 

OH 

A /0x <rO° H 

V\ CO /C.OH 


OH; 
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The tetraethyl derivative of this compound suffers hydrolysis 
according to the following scheme 

OCjH s 

V-OH HO. c-<Qoc s h 5 

-CO—C.OC 2 H 5 


OC 2 H, 


OC 2 H s | 


\/ 

i—OH 


OC,H. 


J-CO-CH. (OC 3 H 5 )4-CO-/^2)OC 2 H 1 
oc 2 h^ 


-OH 

-CO—CH 2 . OCjHs 
Fisetol diethyl ether. 

oc s h 5 

+ COOH-<C )0C 2 H 5 

Protocatechuic acid diethyl ether. 

Fisetin has been synthesised by v. Kostanecki, Lampe, and 
Tambor (Ber., 1904, 37, 784). 

i-Hydroxy-^-ethoxy-i : 4 '-iimethoxychalkone (1)— 

CAO/V-OH OCH a 

' U- C0 - CH = CH -< >0CH S 

prepared by the condensation of resacetophenone monoethyl ether with 
veratric aldehyde, when digested with boiling dilute alcoholic sulphuric 
acid gives 3-ethoxy-3': 4'-dimethoxyflavanone (2)— 

OCH. 


(’) 


C 2 H s O/Y 0 


u 


\co/ CHi 


and this, when treated with amyl nitrite and strong hydrochloric acid 
in alcoholic solution, is converted into the rsonitroso compound (3)— 

OCH s 

(3) c 2 h 5 o/\/°\ch-Ooch 3 


( 4 ) 


CjHjO; 


/\ 


\. 


; \c</ fc - N0H 

OCH, 

O-C-OOCH. 
I—CO—C. OH 
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When boiled in acetic apd solution with 10 per cent sulphuric 
add this substance gives 3-ethoxy-3'-4'-dimethoxyflavonol (4), from 
which fisetin (5) is readily produced by the action of boiling hydnodtc 



Fisetin is a strong colouring matter and gives shades which are 
almost identical with those produced by quercetin, rhamnetin, and 
myricetin. The colours given with wool mordanted with chromium, 
aluminium, and tin are, respectively, red-brown, brown-orange, and 
bright red-orange (Perkin and Hummel, Chem. Soc. Trans., 1896, 

69, 1290). . 

The glucoside of fisetin, according to Schmid (toe. at.), is pre¬ 
pared as follows: A boiling aqueous extract of young fustic is treated 
with lead acetate, the precipitate removed, the clear liquid freed from 
lead by means of sulphuretted hydrogen, and saturated with salt. 
The mixture is filtered, the filtrate extracted with ethyl acetate, and the 
extract evaporated. There is thus obtained a residue consisting of the 
crude fustin-tannide, which is purified by solution in water, precipi¬ 
tation with salt, and extraction with ethyl acetate. 

Fustin tannide crystallises in long yellowish-white needles, which 
are easily soluble in water, alcohol, and ether. When heated it 
decomposes above 200°. If a solution of fustin tannide in hot acetic 
acid is treated with water, and allowed to stand for some time, colour¬ 
less crystals of fustin are gradually deposited. 

Fustin crystallises from water in yellowish-white needles, melting- 
point 218—219°, and when digested with boiling dilute sulphuric 
acid gives fisetin and a sugar, the nature of which has not been deter¬ 
mined. The formula given to this glucoside C 48 H 46 02j by Schmid 
cannot be regarded as correct, in view of the fact that the true 
formula of fisetin is now known to be C 15 H w 0 8 . 

Dyeing Properties of Young Fustic .—The colours derived from 
young fustic are all fugitive to light, hence this dyestuff has lost its 
importance. In silk dyeing it was formerly used for dyeing brown, the 
silk being mordanted with alum, and afterwards dyed with a decoction 
of young fustic, peachwood, and logwood. With the various metallic 
salts as mordants young fustic yields colours somewhat similar to those 
obtained from ok} fustic, the chromium colour is, however, much 
redder, being a reddish-brown, and the aluminium yellow is much 
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dufler; stannous chloride on the contrary gives an incomparably 
more brilliant orange, not unlike that obtainable from flavin or-from 
Persian berries (Hummel). 

Fisetin is present also as glucoside in the wood of the yellow 
cedar, Rhodosfhacra rhodanthema , and in the wood of the Quebracho 
Colorado (loc. a'/.). 

The leaves of the R. cotinus contain myricetin. 

Yellow Cedar. 

The Rhodosfhacra rhodanthema (Engl.) or yellow cedar, a tree 
growing to the height of 70 or 80 feet, is indigenous to the northern 
part of New South Wales. 

The colouring matter of this dyewood is fisetin, which is readily 
isolated by the method described in connection with young fustic 
(Perkin, Chem. Soc. Trans., 1897, 71, 1194). 

A second substance, C 35 Ha 0 Oi S ?, colourless needles, melting- 
point 215—217 0 , is also present in small amount, and may be 
identical with fustin, the glucoside of fisetin obtained from young 
fbstic by Schmid (Ber., 1886, 19, 2755). 

The shades given by the yellow cedar are slightly weaker and 
differ considerably from those given by young fustic ( Rhus cotinus), 
although both contain the same colouring matter. Employing 
mbrdanted woollen cloth, the following distinctions are observed:— 

Chromium. Aluminium. Tin. Iron. 

Young fustic . . Reddish- Orange Orange- Brown- 

brown yellow olive 

Yellow cedar . . Yellowish- Brownish- Golden- Olive 

brown yellow yellow 

and these may be due to varying amounts of the glucoside which 
is contained in both plants. 

Quercitron Bark. 

This important yellow dyestuff, the latest addition to the some¬ 
what meagre list of commercial natural colouring matters, was dis¬ 
covered and introduced by Bancroft in 2775. In his “ Philosophy of 
Permaitent Colours ’’ he states (ii., 113): “ Quercitron bark is one of 
the objects of a discovery of which the use and application for dyeing 
are exclusively vested in me, for a term of years by an Act of Parlia¬ 
ment in the twenty-fifth year of his present Majesty’s reign 

Quercitron bark is the inner bark of a species of oak known as 
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Qmreiu itseolor, Ait (Q. titutorh), rihich is a natite of thc 
and Southern States of America. The tree in the south is described 
as bring from 60 to 80 feet high, with a trunk from 6 to 10 feet in 
diameter ; but in the north it does not attain to this size. In order to 
Obtain the dyestuff the epidermis or exterior blackish coat of bark is 
usually removed by shaving and the inner portion then detached and 
ground. The product may be separated into stringy fibres and a 
light fine powder, the latter of which contains the principal portion 
of the colouring matter. 

Quercitron bark and its preparations are still used to a consider¬ 
able extent, although not so much as was formerly the case. This is 
not only due to the" introduction of the artificial colouring matters,' 
but because it has been supplanted for many purposes by the less 
costly old fustic. 

Quercetin, C 15 H 10 O 7 , the colouring matter of quercitron bark, has 
been the subject of numerous researches, and many of these un- 
fortunately resulted in the publication of complicated and unsatis¬ 
factory formula. At an early stage it was ascertained that quercetin 
does not exist in the plant, at least to any extent in the free condi¬ 
tion, but in the form of its glucoside quercitrin. 

To prepare quercetin the following method devised by the late 
Sir W. H. Perkin, and employed by him for several years on the 
manufacturing scale, gives good results. Quercitron bark dust is 
macerated with moderately strong salt solution to remove gummy 
substances, filtered, and then extracted with dilute ammonia. The 
cold ammoniacal liquid is treated with a slight excess of hydrochloric 
acid, causing the separation of certain impurities in the form of a 
brown flocculent precipitate. This is removed, and the pale yellow 
acid solution of the glucoside is boiled for about thirty minutes. 
The glucoside is thus hydrolysed and almost chemically pure quer¬ 
cetin separates in the form of pale yellow needles, which are collected 
while the mixture is still warm and washed with water. It is readily 
soluble in alcohol, and dissolves in alkaline solutions with a yellow 
colour. With aqueous lead acetate it gives a bright orange-red 
precipitate, and with alcoholic ferric chloride a dark green colour. 

The most important of the early investigations of quercetin was 
carried out by Liebermann and Hamburger (Ber., it, 1178), who 
assigned to it the formula Cj,H 1 # O n , and to quercitrin the formula 
CkHjAo. Herzig (Monatsh., 5, 7a ; 6,-863; 9 . 537 1 1J > 17* i 
*4, 537 *5, 697), who made an elaborate series of researches on 
this subject, at first adopted this formula. Subsequently it was 
ascertained that quercetin was in reality CuHjqOt, and this received 
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support by the examination of its compounds with mineral acids 
(Perkin and Pate, Chem.- Soc. Trans., 1895, 67, 647). 

When quercetin is fused with alkali, it gives protocatechuic acid 
and phloroglucinol , and if its alkaline solution is oxidised with air, 
the same products are obtained. By the more gentle action of the 
alkali, Hlasiwetz and Pfaundler (Jahres., 1864, 561) obtained certain 
intermediate products of the hydrolysis, paradiscetin, C] 5 H w O # , yellow 
needles, quercetic acid, C u H u O r , colourless needles, and quercimeric 
acid, C s H 9 0 5i HjO, colourless crystals. Herzig and others who have 
reinvestigated this decomposition have been unable to obtain the 
substances of Hlasiwetz and Pfaundler, and if these compounds are 
in reality chemical individuals, it seems likely that their formation 
was due to the action of some special impurity contained in the 
alkali employed by these chemists. 

On acetylation quercetin gives a pentaacetyl compound , 

C 15 HA(CjH s O) s , 

colourless needles, melting at 191—195°, but on methylation with 
methyl iodide the tetramethyl ether, Ci r ,H fl 0 3 (OCH 3 ) 4 , long yellow 
needles, melting-point 156—157“ (H.), is produced. A free hydroxyl 
group is thus still present in this compound, and it yields with alcoholic 
potgjsh a bright yellow salt decomposable by water, and a monoacctyl 
derivative, C| 5 H.,Oj(C,H;iO)(OCH 3 )|, needles, melting-point 167— 
169° (H.). The ethylation product, C 15 H 5 03(0C 2 H S ) 4 , yellow needles, 
melting-point 120—122°, is similarly constituted, and gives the acetyl 
compound C ls H 5 0 a ( 0 C a H 5 ) 4 (C 2 H 3 0 ), melting-point 151—153°. 

When heated with alcoholic potash, quercetin tetramethyl ether 
forms vcratric acid and a syrupy phloroglucinol derivative (H.), and 
this litter has been shown (Perkin and Allison, Chem. Soc. Trans., 
1902, 81, 471), by means of its disazobenzene derivative, to consist of 
phloroglucinol monomethyl ether. Quercetin tetraethyl ether exhibits 
a similar behaviour. 

The following is a list of the more important derivatives of quer¬ 
cetin : Dibromquercetin, C l5 H 8 Br s O T , yellow needles, melting-point 
- *33 — * 35 ° (H.); acetyl dibromquercetin, C l;i H:|Br. 0 -(C 2 H 3 0 ) 5 (H.); 
dibromquercetin tetraethyl ether, yellow needles, melting-point 169— 
173°; quercetin triphenylcarbamide, 

(OH) a . C„H s 0 5 (0C0 . NH. CjH s ) 3 
' (Tesmer, Ber., 1885,18, 2609); triacetyl quercetin, C 15 H 7 07(CiH,0)ji 
colourless needles, melting-point 167-T169 0 ; tetra-acetylqttercetin, 
GhHj0t(CjH, 0)4, melting-point 193—194° (Perkin, Chem. Soc. 
Trans., 1899, 75,449); bemoylquenetin , Ci S H 6 O r . (C 7 H s O) 5 , melting- 
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, ^ 
point 239° (Dunstan and Henry, Chem. Soc, Trans,, 1898, 73, 319). 

With mineral adds in the presence of acetic acid, quercetin gives 
quercetin sulphate , C M H 10 O 7 . HjS 0 4 , quercetin hydrobromide, 

C 15 H 10 O-, HBr, 

quercetin hydrochloride , QsHjoOj . HC 1 , and quercetin hydriodide, 
C,.H u 0 7 . HI, 

which crystallise in orange needles and are decomposed by cold water 
(Perkin and Pate). Monopotassium quercetin, C] 5 H 9 0 7 K, and mono¬ 
sodium quercetin, Ci 5 H 9 0 7 Na, orange needles, are produced by the 
action of alcoholic potassium and sodium acetates (Perkin, Chem. Soc. 
Trans., 1899, 75, 438). Aminoquercetin, C ls H 1 0 1! (0H)jNH2, pale 
yellow needles, has been obtained by Watson (Chem. Soc. Proc,, 191 r, 
27, 163) by the action of hydriodic acid (17) on aminopentamethyl- 
quercetin. The hydrochloride, Ci 6 H 6 0 7 . NH 2 . HCI, yellow needles, 
the hydriodide, sulphate, and acetyl derivative, colourless rhombs, melt¬ 
ing point 151—153°, are also described. Aminoquercetin dyes mor¬ 
danted wool browner and deeper colours than quercetin itself. 

Quercetin is a strong dyestuff, and gives with mordanted wool 
the following shades, which are almost identical with those produced 
by fisetin:— 

Chromium. Aluminium. Tin. Iron. 

Red-brown. Brown-orange. Bright orange. Olive-black. 

The suggestion that quercetin was probably hydroxyfisetin is due 
in the first place to Herzig, and this has been substantiated by the 
synthesis of this colouring matter (see below). 

Though Waliascko (Arch. Pharm., 1904, 242, 225) by means of 
methyl sulphate succeeded in preparing pentamethyl quercetin, 

C I5 HA(OCHA, 

colourless needles, melting-point 148°, it had long been considered 
that the full methylation of quercitin could not be effected with 
methylic iodide, on account of its possession of an hydroxyl in # the 
ortho-position to the carbinol group. In 1913, however, it was 
shown by Perkin (Chem. Soc. Trans., 103, 1632) that if a methyl 
alcoholic solution of quercetin is diluted with an excess of methyl 
iodide, and boiled with gradual addition of alcoholic potassium 
hydroxide solution pentamethyl quercetin can be readily prepared. 
At the same time a small amount of methyl quercetin pentamethyl 
ether, CH,.C u H,Os(CK;H,) s , melting-point 223—215°, probably 
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OCH, 

0 \C—f ^OCH, 

II ' 

'\co/ c ’ OCH > 


and methylquercetin tetramethyl ether, CH 3 . C^HjOj^CHj),, colour- 
leas needles, melting-point 184—185°, the monacetyl derivative of 
which melts at 178—180°, were produced Employing ethyl iodide 
in a similar manner quercetin pentaethyl ether , Ci{H 5 0 2 ( 0 Et)j, colour¬ 
less prismatic needles, melting-point 116—118 0 , is formed in excel¬ 
lent yield (Chem. Soc. Proc., 1912, 28, 329). 

From quercetin pentamethyl ether Watson (Chem. Soc. Proc., 
1911, 27, 163) has prepared the following compounds: Nitropenta- 
methylquercctin, C ls H t 0.j(0CH 8 )5. N 0 2 , yellow needles, melting- 
point 202—204°; aminopentamethylquercetin, CjjH 40 2 (0CH 3 ) 3 . NH S , 
colourless prisms, melting-'point 200-202°; pentamethylquercetin hydro- 
bromide, CmH^Oj . HBr; hydrochloride, C 2 5H 2 oO r . HC 1 ; sulphate, 
CjoHjA . H 2 SO t ; nitrate, C 30 H !0 O 7 . HNO s , yellow needles; trinitro- 
pentamethylquercetin, C 15 H 2 0 2 ( 0 CH 3 ) 6 {N 0 2 ) 3 , melting-point 190—! 
205°; dibrompcntamethylquercetin, C 13 H 3 0 2 . Br 2 . (OCH 3 ) s , colourless 
prisms, melting-point 173—175°; dibrompcntamethylquercetin hydro¬ 
bromide, C 20 H 1B O 7 . Br 2 . HBr; dibromnitropentamethylquercetin, 

C 15 HABr s .( 0 CH 3 ) 5 .N 0 2l 


yellow rhombs, melting-point 173—175°; pentamethylquercetin diato- 
nium chloride, Ci S H 4 0 2 . (OCH 3 ) 3 . N 2 . Cl, yellow needles; sulphate , 
yellow needles, and pcntamcthylquercetin-azo-fl-mphthol, 

C„HA(OCH 3 ) 5 . N a . C 10 H,OH 

The benzopyranol derivatives obtained by Watson from quercetin are 
described in the section devoted to that group. 

Pentamethylquercetin, when hydrolysed with alcoholic potash 
(Hertig, Ber., 1909, 42, 155), gives together with veratric acid the 
methoxy derivative 0f the fisetol dimethyl ether, which is obtained 
(Mcjtatsh., 1891, 12, 187) by the hydrolysis of fisetin tetramethyl 
ether. The reaction may be expressed as follows :— 


O OCH* 

^yV Xc -< 0° ch ‘ 


O^H. 


\ co /C.OCH, 


Quercetin pentamethyl ether. 
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OCH, ^ 

och/V-oh ohc-Q>och; 
I I_C0 -C.OCH, 


-V/ . VV**J 

OCHj 

Intermediate compound. 


OCHj 

och/N-oh co-<LL) och » 

—CO—CH. OCH, 


-V/V/'- 

OCHj, 

Hydroxypentamethoxybenroyiacetophenone. 


och/Y-c 


OCH, 

i-<^ ^OCH, 


l ^ / —CO. CH a . OCH, 

OCH, 

Methoxyfisetol dimethyl ether. 


and affords a clear proof of the flavonol constitution of quercetin— 

o 0H 

nY VO° H 

\/\ co /C.OH 
OH LV 

In the same way methyt quercetin pentamethyl ether gives veratric 
acid and mtthoxy methyl fisetol dimethyl ether , fine needles, melting- 
point 148—149°, whereas quercetin pentaethyl ether forms hydroxy 
fisetol triethyl ether — 

EtoYY-OH 

l \ —CO—CHjOEt 


which melts at 96—97 0 (Perkin, lot. eit.). 

Quercetin has been synthesised by v. Kostanecki, Lampe, and 
_ Tambor (Her., 1904, 3;, 1402) by a series of reactions similar to those 
which had been successfully employed for the preparation of fisetin. 
The starting-point of the synthesis was 2 hydroxy, 4, 6, 3': 4' tetra- 
methoxychalkone, and the following formulae indicate the procedure 
adapted (compare fisetin):— 
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According to Nierenstein and Wheldale (Ber., 1911, 44, 3487), 
querCetin by oxidation with chromic acid is converted into juenetone, 
deep red needles (melting-point above 300°). This they considered 
to resemble anthocyanin in that it dissolved in alkali hydroxides with 
a blue and in concentrated sulphuric acid with a red coloration. This 
latter, however, is not a reaction of anthocyanins. It possesses the 
formula 

0 O 

V\/ 0H 

0 CO 


(compare v. Kostanecki and Tambor, Ber., 190a, 35, 1869 \ iM., 
1906, 39,401a), and when heated with zinc-dust and acetic anhydride 
it yields the acetyl derivative (amorphous) of hyiroxyfuerctE*— 
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OH 0 

OH/V /S jj-C,H,(OH) l 

\/\/ 0H 

OH CO 


This pentahydroxyflavonol, yellow needles, melts at 352—355° and 
gives a colourless hexamethyl derivative , melting-point 147—149°. 

Quercitrin, the glucoside of quercetin, was first isolated from 
quercitron bark by Chevreul, and has been examined by numerous 
chemists. The method usually employed for the preparation of this 
substance is that devised by Zwenger and Dronke (Annalen, SuppL, 1, 
267), and this was subsequently utilised by Liebermann and Ham¬ 
burger (Ber., 12, 1179). 

Quercitron bark is extracted with 5—6 times its weight of boiling 
50 per cent, alcohol, the extract evaporated to one-half, and treated 
with a little acetic acid, followed by lead acetate solution. The pre¬ 
cipitate is removed, sulphuretted hydrogen is passed through the 
filtrate, and after removal of lead sulphide the clear liquid is evapo¬ 
rated to dryness. The residue is dissolved in a little hot alcohol, the 
solution treated with water and the crude quercitrin which separates 
on cooling is purified by repeated crystallisation from water. 

A very convenient source of quercitrin is yellow flavine (Perkin, 
private communication), which consists almost entirely of this sub¬ 
stance, and is usually free from quercetin. A hot aqueous extract of 
this material gives, on cooling, a crystalline precipitate of the gluco¬ 
side, and this by recrystallisation from water with the aid of animal 
charcoal is readily obtained pure. 

Quercitrin crystallises in very pale yellow, almost colourless 
leaflets, insoluble in cold water, somewhat readily so in alcohol. 
Aqueous lead acetate gives a bright yellow precipitate. The gener¬ 
ally accepted formula for quercitrin was C 21 H 22 0 12 , 2H s O (Herzig, 
Monatsh., 14, 53), and its hydrolysis with acids into rhamnose 
(Hlasiwetz and Pfaundler) and quercetin was usually expressed as 
follows:— 

C 21 H 22 0 ij + H 2 0 ** C ; ,H..',0- + CflH],(')„ 

According to C. W. Moore, however (Chem. Soc. Proc., 2910, 

- a6, 183), the true composition of quercitrin is C^H^O,,, aHjO, and 
the equation representing its hydrolysis should be as follows:— 
CnHjoO u + HjO «■ CuH^Oj + C t H 12 0 5 
When air-dried quercitrin melts at 182—185°, and in the anhydrous 
condition-at 250—252°. 

It was formerly considered that the glucosides (colouring prio¬ 
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ciplea) were hydrolysed during the dyeing operation, and that the 
shades thus obtained were due not to the glucosides, but to the free 
colouring matters. This in certain cases is correct, especially when 
the plant contains an enzyme capable of effecting the hydrolysis, but 
on the other hand, in many cases the glucoside is itself the colouring 
matter and directly responsible for the dyeing effect. Quercitnn a 
an instance in point (Perkin, Chem. Soc. Trans., 1902, 81, 479). an 
gives upon mordanted fabrics shades which are distinct from those of 


Quercetin | 
Kaempferol | 


Chromium. 

Aluminium. 

Tin. 

Full brown- 

Full golden- 

Lemon- 

yellow. 

yellow. 

yellow. 

Red- 

Brown- 

Bright 

brown. 

orange. 

orange. 

Brown- 

yellow. 

Yellow. 

Lenlon- 

yellow. 


Iron. 

Deep olive. 

Olive 
black. 
Deep olive- 
brown. 


in uyemg propeuy 4ucn.1v.1m iv., —i - 

and, indeed, differs but little from morin (old fustic) and luteohn 
(weld) in this respect. It was thus probable, according to Perkin 
(loc. at.), that the constitution of the glucoside is to be represented 
by one of the two following formulae 

oh A 7 0 v r\ 


(0 


(*) 


Non 

0—GgHjiO* 


OHi 


(Y° x > 

^/\co/ c -°“ c,H,A 

OH 00 


< ) 0H 

\_ / OH 


- By the action of diazomethane on quercitrin (Herzig and Schdn- 
bach, Monatsh., 191s, 33 . 673). *e free hydroxyl groups of the 
quercetin nucleus are readily methylated, and subsequently one 
methyl enters the rhamnose nucleus giving pentamethylquercitnn, a ; 
light yellow amorphous powder. This when hydrolysed by dilute 
add gives colourless tetramethylqucrcetin, C, 5 H„0 3 (0CH S )4, crystallis¬ 
ing in needles, melting-point 195-198°. the acetyl compound of which 
tffcjts at 160—163°. Quercetin with diazomethane yields also this • 
colotitless tetramethyl compound, in addition to quercetin peota- 
aithyl ether (Herzig and BOttcher, Hid., 683). Colourless quercetin 
tetramethyl ether is identical with the 1 : 3 ; 3': 4' tetramethoty- 
giyonol 0 f v. Kostanecki, Lampe, and Tambor (Ber., *904, 37, 

140 a}— 
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and consequently it is evident that quercitrin may be represented by 
the second formula given above. 

Yellow quercetin tetraraethyl ether— 

O OCH, 

CH a 0 /\ / \C-/^>OCH, 

U\ co /C.OCH, 

according to these authors, cannot be further methylated with diazo- 
methane, but the immunity of the ortho-hydroxyl to this reagent is 
only exerted when the other hydroxyls are substituted. 

Pfeiffer (Ber., 1911, 48, 1269) has shown, in the case of hydroxy 
ketones, that the hydroxyl in the ortho-position relatively to the car¬ 
bonyl group reacts with stannic chloride in benzene solution to form a 
substitution compound of the type— 



SnCl,. 

whereas the hydroxyls in other positions give only addition products. 
According to Herzig and Bottcher yellow and colourless quercetin 
tetiamethyl ethers obey this rule, the former giving a substitution and 
the latter an addition product. 

The colours given by quercitrin are somewhat faster than those 
derived from quercetin. 

Commercial Preparations. 

Flavin. 

This ig the most important commercial preparation of quercitron 
bark; it seems to have been first imported into this county from 
America. The details of its manufacture have been guarded with 
much secrecy, and analyses of commercial samples show that different 
methods have been adopted by different makers. Some specimen* 
consist essentially of quercitrin, and are known as yellow flavin, whilst 
others contain only quercetin, and are known as red flavin. The 
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former have probably been prepared by merely extracting the bark 
with water and high-pressure steam, or, as it is said, with steam only 
at a temperature of roa—103°. 

The best qualities of flavin are those in which the colouring matter 
is present as more or less pure quercitrin, and entirely free from 
woody fibre. Red flavin is prepared by rapidly extracting the 
powdery portion of rasped quercitron bark with ammonia or other 
alkali, and boiling the solution with sulphuric acid. The precipitate 
thus produced is ultimately collected, washed with cold water till free 
from acid, and finally dried. Flavin of this character has about six¬ 
teen times the tinctorial value of quercitron bark. It is not very 
soluble, but it yields with aluminium, and especially with tin mordants, 
much more brilliant colours than quercitron bark itself. 

Patent Bark. 

Patent bark, or “ commercial quercetin,” is a preparation of quer¬ 
citron bark analogous to the garancin made from madder. It is 
manufactured in a similar manner, viz. by boiling, for about two 
hours, 100 parts finely ground quercitron bark, 300 parts water, 
and 15 parts concentrated sulphuric acid. The product is collected 
on a filter, washed free from acid, and dried. The yield is about 85 
per cent, of the bark employed, while its colouring power is much 
greater. It seems to have been first manufactured in 1855 by 
Leeshing. 

Bark-liquor. 

Bark-liquor is simply an aqueous extract of quercitron bark, and 
is sold with a specific gravity of r66—1-255. 

Application .—Quercitron bark, patent bark, and bark extracts have 
been largely employed by the calico and woollen printer. The latter 
ft re used in the preparation of steam-yellows, olives, chocolates, etc., in 
conjunction with aluminium, tin, chromium, and iron mordants. 
The former at one time found employment in conjunction with 
garancin for the production of various compound shades, e.g. choco-' 
late, dull red, orange, etc. Now they may be used in a similar 
manner along with alizarin. When used alone, quercitron bark and 
patent bark give, with aluminium mordant yellow, with tin orange, 
.with chromium olive-yellow, with iron greenish-olive colours. 

Flavin is chiefly serviceable in wool dyeing for the production, in 
single-bath, of bright yellow and orange, fast to milling, and was at 
one time largely used along with cochineal to obtain a bright scarlet 
The - mordant employed is stannous chloride and o»lic acid or 
cream of tartar, 
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- On cotton all the quercitron colours are but moderately last .to 
light; on wool and silk the chromium, copper, and iron colours are 
fairly fast, whereas the aluminium and tin colours are only moderately 
so. 


Glucosides of Qutrcetin. 

Rutin. 

Rutin was discovered by Weiss (Chem. Zentr., 1842, 305) in the 
leaves of a rue (Ruta graveolens, Linn.), and was subsequently 
isolated from capers ( Capfnris spinosa, Linn.) by Rochleder and 
Hlasiwetz (Ann. Chem. Pharm., 82, 196), and by Schunck (Man¬ 
chester Memoirs, 1858, 2 Ser., 155, 122) from buckwheat ( Fagopyrum 
esculetitum, Moench.). Whereas Hlasiwetz (Ann. Chem. Pharm., 
96, 123) came to the conclusion that rutin was identical with quer- 
citrin, it was shown by Zwenger and Dronke (ibid. , 123, 145) that 
this could not be the case, because on hydrolysis rutin gives quercetin 
and two molecules of sugar. Schunck (Chem. Soc. Trans., 1888, 53, 
262; 67, 30) considered that the formula of rutin is C 2T Hs 2 0 16 , 2HjO, 
and that on hydrolysis it is converted into quercetin and 2 molecules 
of rhamnose, C^Hj-O,, + 3H 2 0 = C ls H lu 0 7 + 2CjH u O ( . Rutin, 
moreover, was identical with the sophorin , which Foerster (Ber., 15, 
214) had isolated from the Sophora japonica. 

It has been shown by Schmidt (Chem. Zentr., 1901, ii., 121) 
that by the hydrolysis of rutin glucose is also produced, the formula 
of this substance being therefore C^H^O,,. 

QjjHjoOu + 3H2O = C 15 H w 0 7 4- CAA + C # H h O, 

Rutin forms pale yellow glistening needles, sparingly soluble in 
water, and is said to melt above 190°. With alcoholic potassium 
acetate it gives a bright yellow monopotassium salt (Perkin, Chem. 
Soc. Trans., 1899, 75, 440). 

According to Schmidt, violaquertitrin (violarutin) is identical with 
rutin {ibid., 1908, 246, 274), and Perkin {ibid., 1910, 97, 1776) has 
shown that osyritin (Colpoon compressum, Berg.) ( Osyris compressa) 
(ibid., 1902, 81, 477) and myrticolorin (Eucalyptus macrorhyncha, F. 
Muell.) (Smith, ibid., 1898, 73, 697) in reality consist of this sub¬ 
stance (lot. cit.). 

The dyeing properties of rutin are similar to, though weaker than 
those of quercitron bark. The following shades are given on 
mordanted woollen cloth:— 

' Chromium. Aluminium. Tin. Iron,* 

Brown-yellow. Full golden-yellow. Lemon-yellow. Dull brown. 
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Quercimcritrin, CjjHjjOjj, melting-point 347—249“, is contained 
in cotton flower? (Gossyphtm herbaceum, Linn.) (Perkin, ibid., 1909, 96, 
3183), lot. tit., and in the bark of the Primus strotina, Ehrh. (Finne- 
more, Pharm. Journ., 1910, (iv.), 31,604). By digestion with boiling 
dilate sulphuric acid it is hydrolysed according to the equation 
C a H»O u + H 2 0 = C 16 H w 0 7 + CjH 12 0, into quercetin and glucose. 

Isoquefcitrin, C 21 H 2 q 0 12 , melting-point 217 — 219°, is also con¬ 
tained in cotton flowers, and when hydrolysed by acid gives quercetin 
and glucose, C 22 H 2 „Oj 2 4* H 2 0 ** C..H..,. 0 , 4* C 9 Hi 2 0 9 . 

Intarnatrin, C 21 H 20 Oi 2 , 3H 2 0, is present in the “carnation or 
crimson " clover, Trifolium incarnatum, Linn. (Rogerson, Chem. Soc. 
Trans., 1910, 97,1008), and forms yellow prismatic needles, melting- 
point 243—245°. It is hydrolysed by acid according to the following 
equation, C 21 H 20 O 12 4- H 2 0 - C ls H,oO r 4 - C 9 H 12 O s , into quercetin 
and a sugar, the osazone of which melts at 203—205°. It is not 
identical with quercimeritrin. 

Red clover flowers (Trifolium fratense, Linn.) also contain a 
glucoside of quercetin, which crystallises in yellow needles, melting- 
point 235°, but as yet has not been completely examined (Power and 
Salway, ibid., 1910, 97, 244). 

Other Sources of Quercetin. 

See Onion Skins, Persian Berries, Sophora japonica, 
Podophyllum emodi, White Clover (Trifolium re fens), CtrrcH 
(Acacia catechu and Uncaria gambier), and Sumach, Osyris compressa, 
Osyris abysinnica, Ai/an/hus glantiu/osa, Rhus rlwdanthema, Arto- 
staphylos uva ursi. Quercetin has also been shown to exist probably 
as glucoside in tea leaves (Hlasiwetz and Malin, Jahres., 1867, 732); 
in theJlowers of the horse-chestnut (Rochleder, ibid., 1859, 523); 
in the bark of the apple-tree (Rochleder, ibid., 1867, 731); in 
Craetagus oxycantha (may blossom); and yellow wallflowers, Chcir- 
anthus chieri (Perkin and Hummel, Chem. Soc. Trans., 1896, 69, 
1568); Rumex obtusifolius (seeds), (Perkin, ibid., 1897, 71, 1199); 
Delphinium zalil (Asbarg), (Perkin and Pilgrin, ibid., 1898, 73, 381); 
Prunus spinosa (flowers), (Perkin and Phipps, ibid., 1904, 85, 56), 
Thespasia lampas (Perkin, ibid., 1909, 95, 1859), the flowers of the 
Pbimiana regia (Bengal), Woodfordia floribunda, and the common 
fuschia, P. macrostema globosa (Perkin and Shulman, Chem. Soc. 
Proc., 1914, 30,177). , ' 

Thuya occidentals. 

Tkuya occidentalis (Linn.).—In. 1838 Rochleder and Kawalier 
(Wien. akad. Ber., 39,10) isolated bom the green portions of the 
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Thuya (Thuja) oecidentaHs jigluooside Tkujin, which, when hydro¬ 
lysed, gave a yellow colouring matter thujetin. 

- Tkujin, CjjHjjOjj.—T he plant was extracted with alcohol, the 
extract when cold filtered from wax, and evaporated to a small bulk. 
The residue was diluted with water, a few drops of lead acetate 
solution added, the precipitated impurities removed, and the clear 
brown filtrate treated with lead acetate. The yellow lead compound 
was collected, extracted with dilute acetic acid, and basic lead acetate 
now added to the solution. The bright yellow precipitate was sus¬ 
pended in water, decomposed with sulphuretted hydrogen, the lead 
sulphide removed, the filtrate treated with carbon dioxide in order to 
free it from sulphuretted hydrogen and evaporated in vacuo over 
sulphuric acid. Crystals gradually separated, and these were cry¬ 
stallised repeatedly from dilute alcohol until when treated with 
ammonia a green coloration was no longer produced. 

Thujin is described by these authors as citron yellow microscopic 
prisms sparingly soluble in cold water. The alcoholic solution be¬ 
comes yellow on treatment with alkalis, whereas with ferric chloride 
a dark green coloration is produced. When thujin is digested in 
alcoholic solution with dilute hydrochloric or sulphuric acid it is hydro¬ 
lysed with formation of glucose and thujigenin, apparently an inter¬ 
mediate product, which readily takes up a molecule of water, with 
formation of thujetin— 

(IT'jO:■) + H2O C 14 Hj.O- 4. CfiHi') 0 , 

Thujigenin. 

C14H12O7 4 * H2O -=» 

. Thujigenin. Thujetin. 

Thujetin, C u H u 0 8 , forms yellow crystals, and is characterised 
by the fact that its alcoholic solution is coloured blue-green with 
ammonia, and green coloured by potassium hydroxide solution. 

With lead acetate it gives a deep red precipitate. When thujetin 
is digested with boiling baryta Water it is converted into tkujetinic 
acid, CjgHjjOjs, which consists of yellow microscopic needles, sparingly 
soluble in water, readily soluble in alcohol. 

Thujigenin, C It H 12 0 7 , crystallises in fine yellow needles, soluble in 
alcoholic ammoniar with a blue-green coloration. 

The quantity of thujin which is present in the plant is very small; 
thus, from S40 lbs. Rochleder and Kawalier were successful in iso¬ 
lating a few grams only. 

Perkin (Chem. Soc. Trans., 1914, 105, 1408), who re-examined 
this subject and employed methods almost identical with those of 
Rochleder and Kawalier, found that the glucoside corresponding to 
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thujin possessed the formula C^H^On, melted at 183—185*, and when 
hydrolysed gave rhamnose and quercetin and was identical with the 
quercitrin of quercitron hark. The plant also contained a small 
amount of quercetin, and this also, prepared by the hydrolysis of the 
glucoside which evidently corresponds to the thujetin of Rochleder and 
Kawalier, dissolved in alkaline solutions with a pale green tint, but 
failed to give the blue-green coloration with ammonia described by 
these authors. During a preliminary investigation of this plant 
(Chem. Soc. Trans., 1899, 75, 829), the sample then examined gave a 
trace of yellow colouring matter soluble in alkalis with a strong green 
coloration, the acetyl compound of which after frequent recrystallisa¬ 
tion melted at 205—206“. It thus seems probable that the thujin 
of Rochleder and Kawalier consisted of quercitrin contaminated with 
a second glucoside, possibly that of myricetin. The quantity of this 
latter present in the plant may possibly vary according to its environ¬ 
ment or with the season of the year. 

SOPHORA JAPONICA. 

Sophora japonica (Linn.),—This is a large and beautiful tree, not 
unlike an acacia, belonging to the Leguminosat, which grows abundantly 
throughout China. 

The undeveloped flower-buds constitute an important yellow 
dyestuff employed by the Chinese for colouring the silken vestments 
of the mandarins. For this purpose the buds are collected and dried 
rapidly, either in the sun or by artificial means, usually with the addi¬ 
tion of a little chalk. The method of dyeing consists in simply 
boiling for one to one and a half hours in a decoction of the flower- 
buds silk which has been previously mordanted by steeping overnight 
in a decoction of alum. Less frequently it is employed in the dyeing 
of cotton and wool. Its price appears to be about 30s. a cwt. 

' This dyestuff has been studied by many chemists, especially by 
Schunck (Chem. Soc. Trans., 1888, 53, 262; 1895, 67, 30), who 
has proved that the glucoside which it contains, formerly called 
sophorin (Fdrster, Ber., 1882, 15, 214), is in reality identical with 
rutin, the quercetin glucoside first isolated from rue (Ruta gravcoltns, 
Linn.) by Weiss (Chem. Zentr., 1842, 903). (Cf. also Stein, J. pr. 
Chem-, (i.), 58, 399; 85, 351; 88, 280; Schunck, Manchester 
Memoirs, 1858,-a Ser., 15, 122.) The glucoside is readily isolated 
by extracting the flower buds with boiling water. The liquid on 
cooling deposits crystals of rutin, which can be purified by recrystal- 
lisation from water or dilute alcohol. 

When applied to wool the Sopkora japonica buds give colours 
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somewhat like those obtained with quercitron bark, viz. a dull orange 
with chromium, a yellow of moderate brilliancy with aluminium, a 
bright yellow with tin, and a dark olive with iron. In dyeing power 
it seems to be equal if not slightly superior to quercitron bark, and is" 
to be regarded a§ an excellent natural dyestuff, quite equal to those of 
similar character in general use (Hummel and Perkin, J. Soc. Chem. 
Ind., 1895, 458).. 

Onion Skins (Allium cepa). 

The outer dry skins of the bulb of the onion, Allium cepa (Linn.), 
were formerly employed for dyeing purposes. According to Leuchs 
(Farben und Farbekunde, 1825, 1,434), “the outer skins of onion 
bulbs which are of a brownish-orange colour have long been used in ' 
Germany for dyeing Easter eggs yellow, and in conjunction with alum 
for dyeing woollen, linen, and cotton materials. The colour is fast 
and particularly brilliant. From Kurrer’s observations onion skins are 
very suitable for dyeing cotton, on which they give a cinnamon-brown 
with acetate of alumina, a fawn with alumina and iron, a grey with 
iron salts, and a variety of shades with other additions.” 

The colouring matter was extracted by boiling the skins with 
distilled water for one hour, and the yellow extract on keeping 
gradually deposited the impure dye as a pale olive precipitate. 
The average yield was 1 3 per cent. This was extracted with alco¬ 
hol, the concentrated extract treated with ether and the ethereal 
solution washed, until a tarry precipitate no longer separated. On 
extracting the ethereal solution with dilute alkali the whole of the 
colouring matter was removed, and on neutralising the alkaline liquid 
a yellow precipitate was thrown down, which was purified by crystal¬ 
lisation from dilute alcohol. The acetyl compound melted at 190— 
191°, and there could be no doubt as to the identity of this colouring 
matter with quercetin (Perkin and Hummel, Chem. Soc. Trans., 
1896, 69, 1295). Attempts to isolate a quercetin glucoside from 
onion skins have hitherto failed, and it seems that such a compound 
is absent at least in the outer dry material. 

Heather or Calluna vulgaris. 

* 

In former times the common heath or heather, until recently 
named Erica vulgaris, was used as a dyestuff for producing a yellow 
colour on woollen goods (Crookes, “ Dyeing and Calico Printing," 
1874, p. 511). Although now almost superseded it was until recently 
employed in the home industries of outlying districts, such aa the 
Highlands of Scotland. Bancroft (“Philosophy of Permanent 
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Colours," 1813, 2, 108) Slates that all five species of the erica or 
heather found in Great Britain are, he believes, capable of giving 
yellows much like those obtained from dyer’s brown. According, 
however, to the experiments of the late J. J. Hummel the E. Utralix 
(bel| heather) and E. cinerea contain only traces of yellow colouring 
matter. Leuchs (Farben u. Farbekunde, 2, 320) refers to the 
tanning property of heather, and notes that the effect resembles in 
character that given by oak bark. H. R. Procter found it to con¬ 
tain 6‘4 per cent, of tannin. The colouring matter was isolated by 
Perkin and Newbury (Chem. Soc. Trans., 1899, 75, 837) from an 
aqueous extract of the green portion of the plant, in which it appears 
only to reside, by precipitation with lead acetate in the usual manner. 
It proved to be identical with the quercetin of quercitron bark. The 
dyeing properties of heather, though distinctly weaker, are so similar 
in character to those given by quercitron bark as to require no 
special description. Experiment showed that 36 parts of the heather 
were necessary to obtain as good a result as that given by 10 parts of 
quercitron bark. 

Thespasia macrophyi.la. 

Thespasia macrophylla , Blume (T. lampas , Dabz.).—This is a 
small bush common to the tropical jungles of India, Burma, and 
Ceylon. In Watt's “ Dictionary of the Economic Products of India ” 
there is no mention of the use of this plant as a dyestuff, but, on the 
other hand, the capsules and flowers of the allied T. populnea (Soland) 
are stated to give a yellow dye. 

According to Perkin (Chem. Soc. Trans., 1909, 95, 1859) the 
flowers of the T. macrophylla yield quercetin and some quantity of 
protocatechuic acid. 

With mordanted woollen cloth the flowers produce fairly good 
shcdes, but are in no way superior to the better-known Indian natural 
yellow dyestuffs. 

Eucalyptus macrorhyncha. 

Eucalyptus macrorhyncha (F. v. M.), a fair-sized tree, is the “ red 
Stringy bark " of New South Wales, and the ordinary stringyjbark tree 
of Victoria (Smith, Chem. Soc. Trans., 1898, 73, 697). 

The leaves yield under favourable conditions a very large amount 
(to per cent.) of a crystalline glucoside termed by Smith myrticilorin , 
which can be isolated in the crude condition by mere extraction with 
boiling water. The solution on cooling became semi-solid owing to 
the separation of crystals, and these can be purified by extraction 
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with ahet to remove ddrmjphylland crystallis^on first fW^Jf&ohot •<?.' 
«nd subsequently from water. It-formed pale yellow ndeytfs, j to 

on hydrolysis quercetin and glucose, and at first appeared tb-gs^a new 
glucoside of quercetin. Though very similar to rutin its identit^with^ ^ : v 
this glucoside was unsuspected in that rutin by hydrolysis 
sumed at that time to give quercetin and 2 molecules of rhamRijse— 
(Schunck, tbid., 1888, 53, 264). Schmidt in 1908 (Arch. Pharm., 

346, 214), however, pointed out that rutin in this manner yields not 
only rhamnose but glucose, and the probability that myrticolorin—as 
also viola quercitrin and osyritrin (he. cit.) —were identical with rutin 
was subsequently confirmed by Perkin (ibid., tyro, 97, 1776). 


Podophyllum emodi. 

P. emodi is a small herbaceous plant growing abundantly in 
Northern India. The root, or rather the rhizome, is employed 
medicinally in India as a powerful purgative, just, indeed, as the allied 
P. pettatum is used in Europe and America. 

An examination of this root by Dunstan and Henry (Chem. Soc, 
Trans., 1898, 73, 209) has shown that in addition to podophyllotoxin, 
the active constituent, a considerable quantity of quercetin is present. 
According to Hummel this material in dyeing property compares 
favourably with quercitron bark, and should prove commercially 
valuable as a dyestuff at least to the native dyer. 


Clover Flowers. 

It has long been known that clover flowers dye a yellow colour 
on aluminium mordanted fabrics, and in the past they have been em¬ 
ployed to a minor extent for dyeing purposes. Three varieties have 
been chemically examined, viz. those derived from the Trifolium 
pratense, the T. incarnatum, and the T. repens. 

Trifolium pratense.— The flowers known as the “common red 
clover,’’ according to Power and Salway (Chem. Soc. Trans., 1910, 
97, 331), contain in addition to isorhamnetin (quercetin monomethyl 
ether) a.n& & glucoside of quercetin, melting-point 235°, numerous other 
phenolic substances, which, judging by their chemical properties, 
appear to be closely allied to the colouring matters of the flavone 
group. These are described below. 

« Prato!, C lt H 8 O s (OH). OCH,, colourless needles, melting-point 
2 5 3 0 , readily soluble in hot aqueous sodium carbonate and sodium 
hydroxide with a pale yellow coloration, yields the acetyl compound, 
CuH( 0 t( 0 CjH| 0 ). OCHj, and is probably a hydroxymethoxyfkmant. 
■•'S'- k new yellow compound, C 14 H, 0 O r , thin yellow plates, melting- 
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point about 280’, is soluble in alkalis with a yellow colour, and its 
solution in sulphuric acid exhibits a brilliant green fluorescence. It 
contains a methoxy group and gives an acetyl compound, 
C„HA(C,H, 0 )„ 

melting-point 145—■147 0 . 

Pratensol, Ci7H 8 0 2 (0H) 3 , is very readily soluble in alcohol, dis¬ 
solves in alkali carbonates yielding yellow solutions, and its alcoholic 
solution gives with ferric chloride a greenish-black coloration. Tri- 
acelylpratensol, Ci7H 2 0 3 (C 2 H 3 0) 2 , colourless slender needles, melts 
at 189°. 

A new phenolic substance, C 1S H 7 0 2 (0H)3, colourless needles, melt¬ 
ing-point 225°, is soluble in alkali hydroxides, and gives with alcoholic 
ferric chloride a dark green coloration. The acetyl derivative, silky 
needles, has melting-point 209°. 

The glucoside trifotin , C 22 H 22 0 ji, H 2 0 , pale yellow needles, melts 
and decomposes at about 260°. It is soluble in alkalis with an in¬ 
tense yellow coloration, and dissolves in sulphuric acid, forming a 
yellow solution, which rapidly develops a brilliant green fluorescence. 
When hydrolysed it yields rhamnose and trifolitin, C, e H 10 O #1 melting- 
point about 275°, readily soluble in alcohol, 

C 22 H,,A, = CuHioOs + CjH 1s 0 5 

Alkalis dissolve trifolitin with an intense yellow colour, alcoholic ferric 
chloride gives a dark green coloration, and alcoholic lead acetate an 
orange-yellow lead salt. It contains no methoxy group, and is 
unaltered when heated for several hours with 30 per cent, aqueous 
potassium hydroxide. It does not appear to belong to the flavone 
group, and differs from the flavone compounds by the fact that it 
does not give an oxonium salt with sulphuric acid, and only with diffi¬ 
culty a potassium compound by means of alcoholic potassium acetate. 
It may possibly consist of a tetrahydroxyphenylnaphthoquinone. The 
acetyl compound when rapidly heated melted at 116°, re-solidified at 
a higher temperature, and finally melted at 182“.'* 

The glucoside isolrifolin, C 22 H 22 0 n, isomeric with trifolin, consists 
of pale yellow needles, melting-point about 250“, and when hydrolysed 
yields similarly to the latter trifolitin, C ;s H 10 O # , melting-point 275°. 
Though in general behaviour it is very similar to trifolin , it is much 
more soluble in alcohol, and does not appear to be identical with this 
glucoside. 

In addition to these compounds the flowers contain salicylic 
acid , coumaric acid, myricyl alcohol, C^HjjOH, heptacosant, Cj T H !8 , 

* Both in its melting-point and that of its acetyl derivative there ia a marked 
reaemhlance between trifolitin and kaempferot. 
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kentriacontane, CjiH m , sitosterol, Cj T H m O, trifolianol, C !1 H m Oj(OH)i, 
palmitic, stearic, linolic, oleic, linolenic, and isolinolenic acids .' * 

Trifolium incarnatum. . 

'A considerable difference is exhibited between the constituents of 
the “ carnation or crimson clover flowers ’’ and those of the T. pratmse 
«or “ common red clover 

According to Rogerson (Chem. Soc. Trans., 1910, 97, 1006) 
these flowers contain pratol, C 15 H s O a (OH)(OCH 3 ), free quercetin, and 
a glucoside of quercetin, C. 21 H 20 O 12 , ylCO, to which the name incamatrin 
is applied. This latter crystallises in yellow prismatic needles, melting- 
point 242—245°, dissolves in sulphuric acid with formation of a green 
fluorescent solution, and when hydrolysed yields quercetin and 
glucose according to the equation 

CjiHjoOh 4 - H 2 0 — C 44 H ., 0 ; 4 - C,H 12 0 8 

Incamatrin is not identical with the quercimeritrin of Perkin 
(Chem. Soc. Trans., 1909, 95, 2181). 

In addition to these substances the flowers yield furfuraldehyde, 
benzoic and salicylic acids, a trace of p-coumaric acid, incarnatyl 
alcohol, C S4 H M OH, hentriacontane, C 31 H M , a phytosterol, C^H^O, 
and palmitic, stearic, oleic, linolenic, and isolinolenic acids. 

Trifoi.ium repens. 

The flowers of the white clover, T. repens, according to Perkin and 
Phipps (Chem. Soc. Trans., 1904,85, 58), owe their tinctorial pro¬ 
perty to quercetin which is present as glucoside. 

Prunus emarginata (?). 

The bark of a spurious substitute for that of the Prunus serotina, 
probably P. emarginata, has been shown by Finnemore (Pharm. 
Journ., 1910, (iv.), 31, 604) to contain in addition to quercimeritrin 
(Perkin, Chem. Soc. Trans., 1909, 95, 243) a glucoside prunitrin, 
CjjH^Oh, 4H 2 0, fine needles, which when hydrolysed yields prunetin 
and glucose. 

Prunetin, C ls H 8 0 4 . OCH 3 , colourless needles, melting-point 242°, 
dissolves in alkalis with a slight yellow colour, and is sparingly sol¬ 
uble in all the usual solvents. Monacetylprunetin, CuHuO^CjHjO), 
pale yellow needles, melting-point 190°; diacetylprunetin, 
C 15 H.A(C a H 3 0 ) 2 , 

melting-point 2 24—2 26°; benzoylprunelin, C w H M 0 5 (CrH 4 0 ) s , needles, 
melting-point 215°; dimethylprunetin, C 15 H 8 O a (OCH,) 2 , needles, melt¬ 
ing-point 145“ j and acetyldimetkylprunctin, C 1S H A(OCH»)jC|H| 0 , 
have been prepared. 
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Fused with caustic potash at *50°, prunetin gives phlangludml 
and p-hydroxyphenylacttit acid. 

Prunetol, C u H w 0 5l colourless needles, melting-point *90°, is 
formed by the demethylation of prunetin with hydriodic add, and 
yields acetylptunetol, Ci 5 H 7 0 5 (C3H 3 0) 3i and prunetol sulphate , 
C15H10O5. H,,SO„ 

yellow needles. On methylation with methyl iodide prunetol dimethyl 
ether, identical with prunetin monomethyl ether, and a sparingly 
soluble methyl ether, the acetyl derivative of which melts at about 
186 0 , are produced (Finnemore, Chem. Soc. Trans., 1910, 98, noa). 

It is considered by this author that prunetin is closely related to 
scutellarein (Molisch and Goldschmiedt, loc. cit.) and may have the 
constitution— 

Me0A /0 \CH 

v\ C 0 / c -O° H 

Persian Berries. 

Persian berries are the seed-bearing fruit of various species of 
Rhamnus, growing wild or cultivated in France, Spain, Italy, the 
Levant, and Persia. The Persian berry proper is obtained from 
R. amygdalinus, R. oleoides , and R. saxati/is, and is imported from 
Smyrna and Aleppo. Its size is about that of a pea, colour yellowish- 
green, surface much shrivelled, hard, and divisible along well-marked 
depressions forming a cross, into four parts, each containing a tri¬ 
angular seed; its taste is intensely bitter. 

Avignon or French berries, the product of R. infectonus (Linn.) 
and R. alaternus (Linn.), are smaller in size than the foregoing and 
contain only two seeds. 

Spanish, Italian, and Hungarian berries are respectively the pro¬ 
ducts Of R. saxatihs, R. infectorius (Linn.), and R. cathartica (Linn.). 
These are similar in quality to the Avignon berries. Other qualities 
come from the Morea, Wallachia, and Bessarabia. 

All of these botanical varieties do not contain entirely the same 
OOhstituents, but, on the other hand, there is every reason to suppose 
that the colouring constituents of those to which the term Persian 
bdfety proper is applied are identical in each case. 

‘ Gelatly (Edinburgh New Phil. Jour., 7, 25a) was the first to 
isolate from Persian berries (R. Hnctoria, Wald, et Kit) the glued-' 
m<$&~xanthorhamnin, C«H m Ojj, which on hydrolysis with acid gave a 
sod - 
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sugar and a colouring matter rhamnetin. Hlasiwets (Annalen, tn, 
107) considered that xanthorhamnin was identical with querdtrin, 
and rhamnetin with quercetin, but Schiitzenberger and Bertiche 
(BoD. Soc. Ind. Mulhouse, 35, 456) denied this, and assigned to 
rhamnetin the formula C ls H w O s . Xanthorhamnin, which Schiitzen* 
berger (Jahres., 1868, 774) termed a-rhamnegin was considered to 
possess the formula C^H^O^. The presence of a second glucoside, 
fj-rhamnegin, was also detected by this chemist, and from this by 
hydrolysis fi-rhamnetin was derived. Liebermann and Hdrmann 
(Annalen, 196, 313) also investigated Persian berries, devised a 
method for the preparation of xanthorhamnin and rhamnetin, and 
prepared various derivatives of the latter. 

It is now known that Persian berries contain the glucosides of 
three colouring matter,, namely rhamnetin, rhamnazin, and quer¬ 
cetin (Herzig, Monatsh., 6, 889; 9, 549; 12, 175; Perkin and 
Geldard, Chem. Soc. Trans., 1895, 67, 500). 

To isolate these substances Persian berries are extracted with 
boiling water, the solution treated with a small quantity of sulphuric 
acid, and digested while boiling for one hour. The glucosides are 
thus hydrolysed and the crude colouring matters separate in the form 
of a greenish-yellow precipitate. 

The product is extracted with boiling alcohol, which dissolves 
principally the quercetin , this being the most soluble of the three 
colouring matters. The residue now contains rhamnetin and rham- 
nazin, and the latter is removed from the former by two or three 
extractions with boiling acetic acid. 

Rhamnetin, Ci 5 H 12 0 7 , crystallises in yellow needles very sparingly 
soluble in acetic acid and alcohol. It dissolves in alkaline solutions 
with a pale yellow colour, and gives with alcoholic lead acetate an 
orange-red precipitate. When acetylated it forms tetra-acetylrham- 
netin, C l (H 8 0 7 (C 2 H 3 0 ) t (Liebermann and Hdrmann), colourless 
needles, melting-point 183—185°, and on bromination dibrom- 
rhamnetin is produced. 

Rhamnetin sulphate, Cj S H la O ; . HjS 0 4 (Perkin and Pate, Chem. 
Soc. Trans., 1895, 67, 650), orange-red needles, and monopotassium 
rhamnetin, C M H u 0 7 K (Perkin and Wilson, ibid., 1903, 83, 136), 
orange-yellow needles, have been prepared. 

Rhamnetin is in reality a quereetinmonomethyl ether (Herzig, lot. 
tit,), for on digestion with hydriodic acid it is converted into quercetin, 
and when methylated with methyl iodide quenetintetrametkyl ether is 
produced. ■ 

By the action of boiling potassium hydroxide solution, of boiling 
*07 
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alcoholic potash, or by aspirating air through its alkaline solution, 
rhamnetin gives protocatechuic acid, and a syrupy phloroglucinol 
derivative. The latter, identified by means of its diazobenzene 
compound, consists of phloroglucinol monomethyl ether (Perkin and 
Allison, Chem. Soc. Trans,, 1902, 81,470), and consequently the 1 
constitution of rhamnetin is to be expressed as follows:— 


OH 



Rhamnetin is a strong dyestuff, and gives on mordanted woollen 
cloth shades which are practically identical with those produced by 
quercetin:— 


Chromium. 

Aluminium. 

Tin. 

Iron. 

Red- 

Brown- 

Bright 

Deep 

brown. 

orange. 

orange. 

olive. 


(Perkin and Wilkinson, ibid., 1902, 81, 590). 

Rhamnazin, Ci 7 H u 0 7 (P. and G.), yellow needles, melting-point 
214—215°, is moderately soluble in boiling toluene, a property 
which distinguishes it from both rhamnetin and quercetin. It 
dissolves in alkaline liquids to form orange-yellow solutions, and 
with alcoholic ferric chloride gives an olive-green coloration. 

Acetylrhammzin, Ci 7 H u 0 7 (C 2 H 3 0 ) 3 , colourless needles, benzoyl- 
rhamnazin, CnH n 0 7 (C 7 H 6 0 ) 3 , colourless needles, melting-point 
304—205’, and dibromrhamnaiin, C 17 H 12 Br 2 0 7 , yellow needles, have 
been prepared. 

Rhamnazin is a quercetin dimethyl ether. Digested with boiling 
hydriodic acid, it is converted into quercetin, and by methylation 
in the ordinary manner gives quercetin tetramethyl ether. Boiling 
alcoholic potash hydrolyses rhamnazin with formation of vanillic 
acid and phloroglucinol monomethyl ether (Perkin and Allison, loc. 
cit.). It accordingly possesses the constitution— 

OCH s 

cuo/y 0 y-O 0H 

\A ro /COH 

OH 

Rhamnazin does not readily dye mordanted calico, but on 
mordanted wool gives shades resembling those which are produced 
by kaetnpferol—. 
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Chromium. Aluminium. Tin. Iron, 

Golden- Orange- Lemon- Olive- 

• yellow. yellow. yellow. brown. 

Only a small amount of this colouring matter is present in Persian 
berries. 

Xanthorhamnin , C^H^Ojo, is readily prepared by extracting 
powdered Persian berries with three times their weight of boiling 
85 per cent, alcohol. On standing the dark brown filtered extract 
deposits a large quantity of the impure glucoside as a brown resinous 
mass. From the supernatant liquid on standing a purer xantho- 
rbamnin separates in the form of a pale yellow cauliflower-like precipi¬ 
tate, and in such quantity as to congeal the whole liquid to a stiff 
paste. This is collected, repeatedly crystallised from alcohol, and 
finally from alcohol containing a little water and ether (Liebermann 
and Hfjrmann, toe. cit.). 

Xanthorhamnin consists of pale yellow needles readily soluble in 
water and hot alcohol, soluble in alkaline solutions with a yellow 
colour. With basic lead acetate it gives an orange precipitate. 
According to the work of Liebermann and Hdrmann, xantho¬ 
rhamnin, when hydrolysed with acid, gives rhamnttin and rhamnose, 
L'-islL'/L. + 5 J LO - ■ .)( .H+ -C;-lL y O ; , 

More recently, however, xanthorhamnin has been shown to possess 
the formula C 3 ,H J2 0 M , and that by means of its specific ferment 
rhamninose, contained by Persian berries, it is hydrolysed with 
formation of rhamnetin and a complex sugar rhamninose, CuHjjOh, 
+ HjO = C 1# H ia O r + C I8 H S2 0 h 

When rhamninose is digested with boiling dilute acids, it is converted 
into 2 molecules of rhamnose, and 1 molecule of galactose (C. and 
G. Tanret, Comptes rend., 1899, 129, 725), 

+ 4 H 2 0 “ C 8 Hj 2 0 8 4 - r(- 8 H 

No glucosides of rhamnazin or quercetin have been isolated as 
yet from Persian berries. 

The action of the ferment rhamninase is readily demonstrated. 
If crushed Persian berries, contained in a muslin bag, are sus¬ 
pended in water heated to 40°, a yellow solution containing the 
glucosides is produced; this quickly becomes opaque and a heavy 
precipitate of the mixed colouring matters eventually separates. 
To within recent years this reaction was carried out on a com¬ 
mercial scale, and the product was placed on the market under the 
name of “ rhamnitine This reaction can be employed to dis¬ 
tinguish between the dyeing properties of the glucosides contained in 
209 , 14, 
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the berries, and the free colouring matters produced by their hydro¬ 
lysis. Thus if Persian berries be added to a cold dye-bath, and this is 
slowly heated to boiling, the glucosides are hydrolysed by the ferment; 
but if, on the other hand, the berries be at once plunged into boiling 
water, the ferment is killed and a solution of the glucosides is ob¬ 
tained. In the former case wool mordanted with tin gives an orange- 
red shade, whereas in the latter a pure yellow colour is produced. 

Beyond the ordinary extract of Persian berries which is prepared 
in large quantity by extracting the berries with boiling water, and 
evaporating the solution under reduced pressure, no special com¬ 
mercial preparations are manufactured at the present time. 

Dyeing Properties. —In wool dyeing Persian berne. are little em¬ 
ployed on account of their cost; moreover, they possess no special 
advantage over quercitron bark and old fustic. Persian berries, as 
a rule, give redder shades than quercitron bark, a fact which is to 
be explained as due to the hydrolysis of its glucosides by the fer¬ 
ment. The quercitrin of quercitron bark is not accompanied by 
such a specific ferment, and consequently the shades given by this 
dyestuff are of a yellower character. With tin mordant Persian 
berries give bright yellows and oranges, which are only fairly fast 
to light; but according to Hummel, the yellowish-olive produced 
with copper mordant is extremely fast, and is darkened rather than 
otherwise by exposure. Persian berries are still used to a consider¬ 
able extent in calico-printing for the formation of yellow, orange, 
and green shades. 


Rhamnus catharticus. 

The Rhamnus catharticus or Purging Buckthorn, indigenous to 
Great Britain, is a stiff many-branched shrub growing from five to ten 
feet high, the fruit of which consists of small berries, resembling 
when dry black pepper-corns. Formerly it was in great demand 
as a medicine, but has now fallen into disrepute. The juice of the 
berries admixed with lime and evaporated to dryness constitutes 
the pigment known as “sap” or "bladder green ", According to 
Tschirch and Polacco (Arch. Pharm., 1900, 238, 459) the yellow 
tinctorial constituents yielded by the berries of this plant are quite 
distinct from those given by the berries of the various species of 
Rhamnus which constitute the Persian berry proper. Thus, in addi¬ 
tion to rhamno-emodine they isolated four yellow crystalline sub¬ 
stances, rhamnocitrin, jS-rhamnocitrin, rhamnochrysin, and rhamno- 
lutin. Rhamnocitrin was considered to consist of the trihydroxy 
derivative of a dihydroxanthone— 
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j / y 0 yv:H, 

V\co/^ CH ’ 

rhamnolutin of a tetrahydroxyflavone isomeric with luteolin and 
fisetin, and rhamnochrysin an oxidation product of rhamnocitrin, 
whereas / 3 -rhamnocitrin was distinct from rhamnetin and indeed 
contains no methoxy groups. 

Valiaschko and Krasowski (J. Russ. Phys. Chem. Soc., 1908, 40, 
1503) and Krasowski (ibid., 1510) criticised this paper of Tschirch 
and Polacco, and could not isolate the compounds described by 
these latter authors. On the other hand, quercetin, rhamnetin, and 
xanthorhamnin, the glucoside of rhamnetin, were found to exist in 
these berries, and it seemed likely that the rhamnolutin of Tschirch 
and Polacco was rhamnetin and their rhamnochrysin a mixture of 
quercetin and emodine. 

Oesch and Perkin (Chem. Soc. Trans., 1914, 105, 2350) also 
isolated rhamnetin from these berries, together with a small amount 
of quercetin, and considered that the former represents the /}• 
rhamnocitrin of 1 schirch and Polacco. The main colouring matter 
present, however, is kaempferol, C ls H 10 O„ the trihydroxyfiavonol which 
can be obtained from the flowers of the Delphinium zalil and D. 
consolida, and this is to be regarded as the so-called “ rhamnolutin ”. 

A fourth compound, evidently the rhamnocitrin of these latter 
authors, possessed the formula Ci,H 12 0 6 , rather than C I6 H w O t which 
they assigned to it. This crystallised in yellow leaflets, melting- 
point 221—222°, and its acetyl derivative at 200—201°, and these 
melting-points are practically the same as those given by Tschirch and 
Polacco. It contains one methoxy group, by the action of hydriodic 
acid yields kaempferol, and is evidently a kaempferol monomethyl ether. 
It bears considerable resemblance to kaempferide, a monomethyl 
ether of kaempferol present in Galanga root, Alpinia ofianarum 
(Jahresber., 1881, 14, 2385), which, however, melts at 227—229’ 
and its acetyl derivative at 193—195°, and though there is thus 
strong probability that the two compounds are not identical, Oesch 
and Perkin suggest that further work on this point is desirable. 

Asbarg. 

Asbarg consists of the dried flowers and flowering stems of the - 
Delphinium talil, which is found in great quantity in Afghanistan. 
The dyestuff is collected and taken to Multan and other Punjab 
au , 4 . 
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towns, from wbich it is conveyed all over India. It is much used in 
silk dyeing for the production of a sulphur-yellow colour known as 
11 gandkaki," and, together with Datisca cannabina, to obtain a similar 
shade on alum-mordanted silk; it is also used in calico-printing. 
The flowers, which are bitter, are likewise employed medicinally as a 
febrifuge. 

The colouring matters of asbarg are present entirely as glucosides, 
and are best isolated in the crude condition by digesting the boiling 
aqueous extract with a little sulphuric acid (Perkin and Pilgrim, 
Chem. Soc. Trans., 1898, 268). A brownish-yellow powder thus 
separates, which contains three substances : isorhamnetin, quercetin, 
and kaempferol. 

Iso rhamiietin, Q5H11O7, the sparingly soluble constituent, forms 
yellow needles, resembling rhamnetin in appearance. With lead 
acetate in alcoholic solution, an orange-red precipitate is formed, 
whilst ferric chloride gives a greenish-black coloration. Fused with- 
alkali, phloroglucinol and protocatechuic acid are produced, and when 
air is aspirated through its alkaline solution, phloroglucinol and vanillic 
acid are obtained. 

With acetic anhydride Aorhamnetin gives a telra-acelyl derivative, 
CijH 8 0 7 (C;H a 0 ) 4 , colourless needles, melting-point 195—196°; and 
with methyl iodide a trimethyl ether , which is identical with quercetin 
tetramethyl ether. As, moreover, by the action of hydriodic acid 
Aorhamnetin yields quercetin, its constitution can only be represented 
as follows:— 


OHf / ' s / \ 


OCH. 


-O h 


\A rn / C0H 

OH L0 


The dyeing properties of Aorhamnetin are similar in character to 
those given by kaempferol. AoRhamnetia is also present in yellow 
Wallflowers (Cheiranthus cheiri) (Perkin and Hummel), and in red 
clover flowers, Trifolium pratense (Power and Salway, Chem. Soe. 
Trans., 1910, 97,245). A description of the more soluble colouring 
matters quercetin ( quercitron bark) and kaempferol ( Delphinium con- 
sdida) is given elsewhere. 

In dyeing properties asbarg dosely resembles quercitron bark, but 
yields with aluminium mordant a purer or less orange-yellow. It is, 
however, a much weaker dyestuff, having but 35 percent, the dyeing 
power of quercitron bark. The colouring matter of the flowera, 
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(part from the flowering stalks, is present to the extent of fvt 
per cent ‘‘ 

■ The stems and flowers of the D. sanicutafolium give shades anal¬ 
ogous to, though somewhat weaker than, those yielded by the D. talil. 

Yellow Wallflower—Cheiranthus cheiri. 

The purplish-brown petals of the common garden wallflower a« 
comparatively rich in colouring matter, though the shade given by 
these on alumina mordant possesses a greenish-olive-yellow tint, and 
is of a less pure character than that given by the variety known as 
“ Cloth of Gold ”, A boiling aqueous extract of these latter flowers 
on treatment with sulphuric acid gradually deposits a yellow pre¬ 
cipitate, and this is most readily purified by pouring the concentrated 
alcoholic solution into much ether. The main impurity is thus pre¬ 
cipitated, whereas the colouring matter remains dissolved in the ether. 
By fractional crystallisation from alcohol two colouring matters can 
be isolated from this product, (a) sparingly soluble which consists of 
isorhamnctin (quercetin monomethyl ether) and (b) quercetin. The 
existence of isorhamnetin was first demonstrated by an examination 
of these flowers (Perkin and Hummel, Chem. Soc. Trans., 1896, 69, 

1566). 

Old Fustic. 

Old fustic is the wood of a tree known as the Chlorophora 
tinctoria (Gaudich), previously called Aforus tinctoria (Linn.), which 
occurs wild in different tropical regions. The tree frequently grows 
to a height of over 60 feet, is exported in the form of logs, sawn 
straight at both ends, and usually deprived of the bark. The best 
qualities of old fustic come from Cuba and the poorer from Jamaica 
and Brazil. It is at the present time used very largely, and, together 
with logwood, is the most important of the natural dyestuffs. 

The colouring matters of old fustic were first investigated by 
Chevreul (“Lemons de chimie appliquee k la teinture,’’ it., 150), who 
described two substances, one sparingly soluble in water, called morin, 
and a second somewhat more readily soluble. Wagner (J. pr. Chem., 
(i.), sr> 8*) termed the latter moritannic acid, and considered that it 
possessed the same percentage composition as morin. Hlasiwetz and 
Pf&undler (Annalen, 127, 351), on the other hand, found that the 
so-called moritannic acid was not an acid, and as moreover its pro¬ 
perties .were quite distinct from those of morin, they gave it the name 
“ Madurin ”. 

Maria, C, t H w O:, aHjO.—To isolate this colouring matter from 
old fu 3 tic a boiling extract of the rasped wood is treated with a little 
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acetic acid and then with lead acetate solution. This causes the 
precipitation of the morin in the form of its yellow lead compound, 
whereas the man bulk of the maclurin remains in solution. The 
washed precipitate in the form of a thin cream is run into boiling 
dilute sulphuric acid, and the hot liquid, after decantation from the 
lead sulphate, is allowed to stand. Crystals of crude morin are 
gradually'deposited, and a further quantity can be isolated from the 
acid solution by means of ether. During the preparation of com¬ 
mercial fustic extract, the solution on standing, or the concentrated 
extract itself, deposits, as a rule, a brownish-yellow powder, which 
consists principally of a mixture of morin and its calcium salt, and 
this forms the best source for the preparation of large quantities of 
the colouring matter. The product is digested with a little boiling 
dilute hydrochloric acid to decompose the calcium compound, 
extracted with hot alcohol, and the extract evaporated. Crystals of 
morin separate on standing, and a further quantity can be isolated by 
the cautious addition of a little boiling water to the mixture. 

Crude morin can be partially purified by crystallisation from dilute 
alcohol or dilute acetic acid, but the product usually contains a trace 
of madurin. To remove the latter the finely powdered substance is 
treated in the presence of a little boiling acetic acid with fuming 
hydrobromic acid (or hydrochloric acid), which precipitates the morin 
as halogen salt, whereas the maclurin remains in solution (Bablich 
and Perkin, Chem. Soc. Trans., 1896, 69, 792). The crystals are 
collected, washed with acetic acid, decomposed by water, and the 
regenerated morin crystallised from dilute alcohol. 

Morin crystallises in colourless needles (Bablich and Perkin), 
readily soluble in boiling alcohol, soluble in alkaline solutions with 
a yellow colour. Lead acetate solution gives a bright orange-coloured 
precipitate and ferric chloride an olive-green coloration. 

Loewe (Zeitsch. anal. Chem., 14, 112) was the first to assign to 
morin the formula C ts H 10 O ; , and that this was correct was shown by 
the analysis of its compounds with mineral acids (Perkin and Pate, 
Chem, Soc. Trans., 1895, 67, 649). The hydrochloride, hydrobromide, 
and hydriodidt are obtained in orange-coloured needles, and possess 
the formula C ls Hi (l 0 7 . HC 1 ; C 16 Hn, 0 7 . HBr; and C 15 H M 0 7 . HI, but 
the sulphuric acid compound, known as anhydromorin sulphate, 
C u H 8 0 8 . H : SO t , orange-red needles, is of an abnormal character.' 
Monopotassium morin, C 15 H 9 0 7 IL, yellow needles, monosodium morin, 
C ls H 9 0 7 Na, magnesium morin, (C u H, 0 7 ) s Mg, orange-yellow needles, 
and barium morin, (C ls H # 0 7 )iBa, orange crystalline powder, have also 
been prepared (Perkin, Chem. Soc. Trans., 1899,75,437). 
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When an alcoholic solution of morin is treated with bromine 
(Benedikt and Haiura, Monatsh., 5, 667 ; Hlasiwetz and Pfaundler, 
Jahres,, 1864, 557) it is converted into tctrabrom-morin ethyl ether, 
C 16 H 5 Br 4 0rEt, 2H 2 0, 

colourless needles, melting-point 155° (Herzig, Monatsh., 18, 700), 
and this when digested with stannous chloride and hydrochloric acid 
gives tctrabrom-morin, C 15 H a Br 4 0 j (Benedikt and Hazura), colour¬ 
less needles, melting-point 258°. According to Bablich and Perkin, 
this latter compound is more simply prepared by the direct bromina- 
tion of morin suspended in acetic acid. 

By the action of acetic anhydride on morin according to the 
usual methods, a colourless amorphous product results, and a cry. 
stalline pentacetylmorin has not yet been prepared. Cold acetic 
anhydride, however, converts the monopotassium salt of the colouring 
matter into tctra-acctylmorin, 

C 15 H a 0 7 (C 2 H 3 0 ) 4 , 

colourless prismatic needles, melting-point 142—145°, but this on 
further acetylation gives an amorphous compound. 

Tetrabromomorin, on the other hand, yields a penta-acetyl deriva¬ 
tive (Bablich and Perkin), Ci 5 HBr 4 0 7 (C 2 H 3 0 )j, colourless needles, 
192—194 0 , and it was subsequently found by Herzig that tetrabrom- 
morin ethyl ether yields the compound C 1 jHllr 4 OjEt(C J HjO)4, 
melting-point 116—120°. 

By fusion with alkali morin gives phtoroglucinol (Hlasiwetz and 
Pfaundler) and resorcinol (Benedikt and Hazura), whereas in this 
manner Bablich and Perkin isolated also ft-resorcylic acid. When 
methylated with methyl iodide morin tctramethyl ether, 
C 15 H a 0 3 ( 0 CH 3 } 4 

(Bablich and Perkin), yellow needles, melting-point 131—132*, is 
produced, but is isolated with difficulty, and from this compound with 
alcoholic potash a yellow potassium salt, readily decomposed by 
water, is obtained. Monoacetyltctramethylmorin, 
C 15 H 5 0 3 (OCH 3 ) 4 C 2 H, 0 , 
colourless needles, melts at 167“. 

Morin tetraethyl ether, Ci 5 H,Oj(OC 2 H 5 ) 4 (Perkin and Phipps, 
Chem. Soc. Trans., 1904, 85, 61), yellow needles, melting-point 
1*6 —138% and acetylmorin tetraethyl ether, 

C 1s HA(OQH 5 ) 4 C 2 HA 

colourless needles, melting-point 121—123°, could only be prepared 
in small quantity. 
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When morin tetramthyl ether a hydrolysed with alcoholic potash, 
fi-resarcylic arid dimethyl ether and phloro{lurinolmonomethyl ether ext 
produced. Bablich and Perkin assigned to morin the constitution of 
a pentahydroxyflavone (tetrahydroxyfiavonol)— 


OHjAj/ ° \C 
OH 


OH 


\ C0 / C .° H 


OH 


and that this formula correctly represents the substance has been 
prOYed by its synthesis (v. Kostanecki, Lampe, and Tambor, Ber., 1906, 
39, 623) and also by the investigation of Herzig and Hofmann (Ber., 
1909, 42, 155). It has been shown by the latter chemists that when 
morin is methylated by means of methyl sulphate morin pentamethyl 
ether, C 15 H 6 O a (OCH 3 ) 5 , needles, melting-point 154—157° can be pro¬ 
duced, though for this purpose Perkin and Watson (Chem. Soc, 
Trans., 1915, 107, 307) prefer the modification of Valiaschko’s pro¬ 
cess (Arch. Pharm., 1904, 242, 242) previously found serviceable 
for the preparation of quercetin pentamethyl ether by Watson. 

Morin pentamethyl ether is hydrolysed with boiling alcoholic 
potash into methoxy fisctol dimethyl ether (1), and fi-raorcylic arid 
dimethyl ether (2) (cf. Quercetin and Fisetin)—- 


(*) 


OCH,/\-OH 

li-CO—CH.OCHj 


(2) COOH<^j>OCH, 
OCH. 


OCH, 


the former being identical with the compound obtained in a similar 
way from quercetin pentamethyl ether. By nitration it forms nitro- 
morin pentamethyl ether, C 15 H 4 O a (OMe) 6 NO a , reddish-brown needles, 
melting-point 223—225°, and this when reduced with alcoholic hydro¬ 
chloric acid and tin gives aminomorin pentamethyl ether, colour¬ 
less hexagonal plates, melting-point 204—205°, the platinichloride, 
(CjoH a O T N) a H..PtCl # , of which forms stout yellow prisms. Attempts 
to prepare the hydroxy compound from this amino derivative were 
unsuccessful. Aminomorin, CijH 4 O a (OH) 6 NHj, obtained from the 
nittopentamethyl ether with hydriodic acid is yellowish-brown and 
dissolves in alkalis to form a brownish-yellow solution. The by- 
driodide CuH 4 O a (OH)jNH a . HI, H a O crystallises in square platelets 
(Perkin and Watson). 

v. Kostanecki, Lampe, and Tambor (Ber., 1906, 39, 625) have 
synthesised morin by reactions similar to those found serviceable in 
the artificial preparation of fisetin and quercetin (see Young Fustic: 
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and Quercitron Bark), bat m this case the formation of the flavanont 
did not proceed smoothly and Only a small quantity could be pre 
pared. The synthesis is illustrated by the following formula:— 


OCH, 

CH,Oj /N ''—OH CH— <^)OCH, 
CH 

OCH, 

i’-hydroxy-4:6: a': V-tetramethoxychalkonc. 

OCH, 

/ 0 \CH-/^OC,H, 


CH,Oi 




Vn/ CH ’ 


CH; 


co 7 

OCH, 

1:3:2': 4'-tetramethoxyflavanone. 

OCH, 

,o/V 0 \ CH - \ ^>OCH, 


'\ ro /C : NOH 
OCH, cu 


a-isonitroso-i: 3 2' : 4 '-tetramethoxyflavanone. 


nru 



Morin trimethyl ether. 

OH 

„0H/Y°VpO 0H 

V\ C0 / C0H 

oh 

Morin. 

. Morin dyes mordanted woollen cloth shades which, though of a 
slightly stronger character, closely resemble those given by kaempferol. 

Chromium. Aluminium. Tin. Iron. 

Morin . Olive- Yellow. Lemon- Deep 

yellow. yellow, olive-brown. 

Kaempferol Brown- Yellow. Bright Deep 

yellow. yellow, olive-brown, 

(Perkin and~WiIkinson, Chem. Soc. Trans, 1903, 81, 590). 
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Maclurin , Ci,H 19 0 j.—W hen morin is, precipitated from a hot 
aqueous extract of old fustic by means of lead acetate the solution 
contains maclurin. After removal of lead in the usual manner, the 
liquid is partially evaporated and extracted with ethyl acetate, which 
dissolves the colouring matter. The crude product is crystallised 
from dilute acetic acid (Perkin and Cope). 

A description of maclurin and its derivatives will be found in the 
chapter devoted to benzophenone compounds. 

- Dyeing Properties of Old Fustic .—In silk and cotton dyeing fustic 
is employed to a comparatively limited extent, but in wool dyeing it 
is the most important natural yellow dyestuff. The olive-yellow or 
old-gold colours which fustic yields when used with chromium mor¬ 
dant and the greenish-olives obtained with the use of copper and iron 
mordants are all fast to light and milling, but the yellow colours 
yielded in conjunction with aluminium and tin possess only a 
moderate degree of fastness with respect to light. Fustic is chiefly 
employed in wool dyeing with potassium dichromate as the mordant, 
and it is for the most part used along with other dyestuffs, e.g. log¬ 
wood, alizarin, etc., for the production of various compound colours, 
olive, brown, drab, etc. 

■ Osage Orange Tree. 

Though the wood of this tree has been used for many years in 
a desultory manner for dyeing by the Indians in the Red Valley 
region of Texas, America, its employment as a dyestuff has only 
recently engaged the attention of the United States Forest Service. 
As the result of its examination by Kressmann (Journ. Amer. Leather 
Chemists Association, 1915, 34;), it has been found that its dyeing 
properties are very similar to those given by old fustic, the shades 
which it produces being, however, slightly purer and somewhat less 
red in tint. A qualitative study of the aqueous extract showed that 
the dyeing principles present consisted as in old fustic of morin and 
maclurin, but that the unknown red constituent present in this latter 
was practically absent. Though apparently the tinctorial strength of 
distinct samples of the osage orange wood is somewhat variable, this 
is probably on the average quite equal to that of old fustic, and this 
wood can be satisfactorily employed not only for textile but also for 
leather dyeing. 

Jakwood. 

Jak-wood, or Jack-wood, is derived from the Artocarpus intcgri- 
folia (Linn.) which belongs to the Urticaceie, and is cultivated 
at8 
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throughout India, Burmah, and Ceylon, except in the north'. It is 
largely used for carpentry, furniture, etc., and is stated to be im* 
ported to Europe for this purpose. The tasped wood is used by the 
natives of India and Java as a yellow dye in conjunction with alum, 
for the robes of the Burmese priests, also for dyeing silk and for 
general purposes. 

An aqueous solution of the wood possesses the characteristic 
property that when it is treated with alkali and gently warmed, the 
yellow solution at first obtained assumes a beautiful blue tint. * 

Jack-wood (Perkin and Cope, Chem. Soc. Trans., 1895, 67, 937) 
is very similar to old fustic, and its dyeing properties are due to 
morin (see Old Fustic). Unlike old fustic, however, it contains no 
maclurin, but there is present a second substance, cyanomadurin, 
which is devoid of tinctorial property. These compounds can be 
isolated from jack-wood by methods which are almost identical with 
those which have been applied to fustic itself, and their separation 
may be effected by means of lead acetate as this precipitates only 
the morin. 

Cyanomadurin , C l5 H 12 0 4 , crystallises in colourless prisms, some¬ 
what readily soluble in water, and gives with basic lead acetate a 
, colourless precipitate, and with ferric chloride a violet coloured liquid. 
Its solution in dilute alkalis is colourless, but if this be gently warmed 
a beautiful deep indigo coloration is produced, which on longer 
digestion passes into green and finally becomes brown-yellow. When 
fused with alkali, it gives fi-resorcy/ic add and fhloroglucinol. 

Acetylcyanomadurin , C I5 H 7 0 4 (C 2 H 3 0 ) 5 , colourless needles, melts 
at 136—138°, and betnoylcyanomadurin, C^HjOnfCyHsO)^ colour¬ 
less prisms, melts at 17 r—172°. Disazobenzenecyanomaduritt, 
Ci 5 H 10 O # (C 8 H 5 N2)2, scarlet needles, melting-point 245—247° (de¬ 
comp.), gives an acetyl derivative probably 

C li HA(C«H l N 1 ) ! (C ! H J 0 ) J , 

orange-red needles, melting-point 209—210“ (decomp.) (Perkin, 
Chem. Soc. Trans., 1905, 87, 715). In certain respects, cyanoma- 
clurin resembles the catechins of gambier and acacia catechus, and 
more especially so in that by boiling with dilute acids it gives reddish- 
brown amorphous substances, which are very similar to the so-called 
catechin anhydrides. The product obtained by the action of hydro¬ 
chloric acid on a boiling acetic acid solution of cyanomadurin is in¬ 
soluble in alkalis and all solvents, and has a percentage composition 
almost identical with the catechin anhydride similarly produced. 
According to Perkin, cyanomadurin is possibly a reduction product 
of morin, thus;— 
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Jack-wood dyes shades very similar to those given by old fustic; 
that is, olive-yellow with chromium, dull yellow with aluminium, and 
a brighter yellow with tin mordant. On the other hand, the sample 
examined by Perkin and Cope possessed only about one-third of the 
dyeing power of old fustic. 


Myrica naoi. 

Myrica ttagi (Thunb.).—This is an evergreen tree belonging to 
the Myricacea met with in the sub-tropical Himalaya from the Ravi 
eastwards, also in the Khasia mountains, the Malay Islands, China, 
and Japan, It is the box-myrtle or vangmie of China, and is synony¬ 
mous with M. sapida (Wall.), M. rubra (Sieb. and Zucc.) and M. 
inttgrifolia (Roxb.). The bark is occasionally used as a tanning 
agent, and is said to have been exported from the North-West Pro¬ 
vinces to other parts of India to the extent of about 50 tons per 
annum. In Bombay it is met with under the name of kaiphal , and 
in Japan as shibuki. 

Myricetin, C lt H 10 O a , H, 0 , the colouring matter, can be isolated 
from an aqueous extract of the plant by a similar method to that 
which is serviceable for the preparation of fisetin (see Young 
Fustic), but is more readily obtained in quantity from the Japanese 
commercial “shibuki" extract (Perkin and Hummel, Chem. Soc. 
Trans., 1896, 69, 1287; and Perkin, ibid. , t902, 81,204). 

The extract is treated with ten times its weight of hot water to 
remove tannin, and when cold the clear liquid is decanted off, the 
. residue washed twice in a similar manner, and well drained. The 
product is extracted with boiling alcohol, and the solution evaporated 
until crystals commence to separate. On cooling these are collected 
(the filtrate A being reserved) and washed first with strong and then 
With dilute alcohol. A complete purification is best effected by con¬ 
verting the colouring matter into its acetyl derivative, and when pure 
hydrolysing this in the usual manner. Myricetin crystallises in yellow 
needles, melting at about 357°, and closely resembles quercetin in 
appearance. Dilute potassium hydroxide solution dissolves myricetin 
with a green coloration, which, on standing in air, becomes first blue, 
then violet, and eventually brown coloured. Alcoholic lead acetate 
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* gives an orange-red precipitate, and ferric chloride a brown-black 
coloration. 

With mineral acids in the presence of acetic acid the following 
compounds which crystallise in orange-red needles have been pre¬ 
pared :— 

Myricetin sulphate, C 16 H 10 O 8 . H 3 S 0 4 , myricetin hydrochloride, 
CuH i9 0 8 . HC 1 , myricetin hydrobromide, Ci 5 H 1(l O a . HBr, and myricetin 
hydriodide , C, 5 H w 0 8 ■ HI. Alcoholic potassium acetate yields mono¬ 
potassium myricetin, Ci S H 8 0 8 K. Bromination in the presence of 
alcohol gives tetrabrom-myricetin ethyl ether, C 15 H 6 0 8 Br 4 Et, colourless 
needles, melting-point about 146° (Perkin and Phipps, ibid., 19041 
85,6a), and this is analogous to the behaviour of morin under similar 
circumstances. By the action of bromine in acetic acid tetrabrom- 
myricetin, C 16 Hj 0 9 Br 4 , brown-red needles, melting-point 235—240°, 
is produced. 

When fused with alkali myricetin gives phloroglucinol and gallic 
acid. Hexa-acetylmyricetin, Cj 6 H 4 0 8 (C 2 H 3 0 )«, colourless needles, 
melting-point 211—212°; hexabenzoylmvricetin, C 15 H 4 O 8 (CjHj 0 ) 8 , 
colourless needles; myricetin pentamethyl ether, CuHjOjJOCHjJj, 
pale yellow needles, melting-point 138—139°! acetylmyricetin penta- 
. methyl ether, C 15 II 4 0 3 ( 0 CH 3 ) 5 C 2 M 3 0 , colourless needles, melting- 
point 167—170°, have been prepared. Afyricetin hexamethyl ether, 
C 18 HA(OCH 3 ) # , colourless needles, melting-point 154—156°; and 
myricetin hexaethyl ether, C. i6 H 4 0 2 ( 0 CjH;,) 8 , almost colourless needles, 
melting-point 149—151°, may be obtained by means of methyl and 
ethyl iodides respectively. 

Myricetin dyes mordanted woollen cloth the following shades, 
which are practically identical with those given by quercetin :— 

Chromium. Aluminium. Tin. Iron. 

Red-brown. Brown-orange. Bright red-orange. Olive-black. 

On digestion with alcoholic potash at 170° myricetin pentamethyl 
ether gives gallic acid trimethyl ether and phloroglucinol monomethyl 
ether, whereas myricetin hexaethyl ether gives gallic acid triethyl ether 
and phloroglucinol diethyl ether. With boiling alcoholic potash 
myricetin hexamethyl ether gives gallic acid trimethyl ether and 
methoxy Jisetol dimethyl ether (Perkin, Chem. Soc. Trans., Z9H1 
if>0, *7 aI )— 

OH 

Me0 O“ C0-CH ‘ ■ 0Me 

OMe 
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Myrieetin hexaethyl ether behaves similarly with production of gallic 
acid triethyl ether and ethoxy fisetol diethyl ether , prismatic needles, 
melting-point 96—97°. Myrieetin is therefore a hydroxy quercetin, 
and possesses the following constitution:— 


OH 


0 

OH 


/°\C- 


OH 

- 0 °» 


\<A 0H oh 


Myricitrin, C 2 iH !2 0 „, H 2 0 , or rather C 2l H 2( | 0 12 , 2H 2 0, the glucoside, 
is present in the alcoholic filtrate A, from the crude myrieetin, from 
which it separates on standing. The crystals are collected, washed 
first with alcohol, then with dilute alcohol, crystallised from water, 
from alcohol, and finally from water. Myricitrin forms pale yellow, 
almost colourless leaflets, melting at 199—200°, and is soluble in 
alkalis with a pale yellow tint, Aqueous lead acetate gives an 
orange-yellow precipitate, and alcoholic ferric chloride a deep greenish- 
black coloration. In appearance it cannot be distinguished from 
quercitrin, and the shades given by the two substances on mordanted 
woollen cloth are practically identical. 

Chromium. Aluminium. Tin. Iron. 

Full brown-yellow. Full golden-yellow. Lemon-yellow. Brown-olive. 

When hydrolysed with dilute sulphuric acid myricitrin yields 
rhamnose and myrieetin, according to the equation— 

C 21 H 10 O l2 + H 2 0 C 16 H lt O e + C # H !2 O s , 
and is analogous to quercitrin which in a similar manner gives rham¬ 
nose and quercetin. In addition to myrieetin the M. nagi contains a 
trace of a glucoside of second colouring matter, which is probably 
quercetin. 

The dyeing properties of myrica bark are generally similar to those 
of other yellow mordant dyestuffs. On wool with chromium mordant 
it gives a deep olive-yellow, and with aluminium a dull yellow, 
similar to the colours obtained from quercitron bark, but much fuller; 
yrith tin mordant it gives a bright red-orange, redder in hue than 
that given by quercitron bark; with iron mordant it gives a dark 
greenish-olive like that obtained from quercitron bark, but again fuller. 

On cotton with aluminium and iron mordants it dyes colours 
which are more similar to those obtained from old fustic than from 
quercitron baric. Some specimens of myrica bark are exceedingly 
rich in colouring matter, and a sample examined by Hummel and 
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Perkin (J, Soc, Chem, Ind., 1895, 14, 45 8 ) possessed much stronger 
dyeing power than old fustic. ' 

According to Satow (J. Ind. Eng. Chem., 19 1 5 > 7 » 11 3 ) (Abst* 
Chem. Soc., 1911, 149), ‘he colouring matter of the M. rubra has 
the formula C ls H 10 O 8l and is identical in some of its properties with 
myricetin. By fusion with sodium polysulphide and sulphur a pro¬ 
duct is obtained which dyes cotton a deep sepia colour, though if 
copper sulphate, manganese sulphate, or ferrous sulphate is added to 
the fused mass, substances possessing a bluish or bluish-grey colour 
are produced. By fusing myricetin with sulphur alone a brown-yellow 
compound is obtained. A yellow dye may also be obtained by 
nitrating myricetin sulphonic acid. 

Other Sources ok Myricetin. 

Sicilian sumach , the leaves of the Rhus coriaria (Linn.), contain , 
myricetin, probably as glucoside (Perkin and Allen, ibid., 69, 1299). 
The colouring matter also exists in Venetian sumach, R. cotinus, and 
this is interesting, because the wood of this tree constitutes “ young 
fustic” and contains fisetin. Among other plants myricetin has 
been isolated from the Myricagale (Linn.), the leaves of Ristacta len- 
tiscus (Linn.), the leaves of the logwood tree, Hvmatoxylon cam- 
» pechianum (Linn.), and it is found in conjunction with quercetin in 
the leaves of the Coriaria myrtifolia (Linn.) and the R. metopium 
(Linn.). 

Everest (Royal Soc. Proc., 1918, B., 90, 251 (has shown that in 
all probability myricetin—as a glucoside—accompanies the antho- 
cyanin pigment Violanin; a glucoside of 


Cl OH 



in the flowers of the purple-black viola (Sutton’s “ Black Knight"), 
an observation which is of considerable interest in connection with 
the relationship which exists between the flavonols and anthocyans. 

Cotton Flowers. 

Among the various portions of the cotton plant which have Been 
industrially employed must be included the flowers which consti¬ 
tute one of the numerous Indian dyestuffs. According to Watt 
223 
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('* Dictionary of the Economic Products of India ”) they are thus used 
in the Manipur district Gossypetin was first isolated insmall quantity 
from the flowers of the ordinary Indian cotton plant, G, herbaaum 
(Perkin, Chem. Soc. Trans., 1899, 75, 826), and has been more 
completely studied at a later period (ibid., 1913, 103, 650). For its 
preparation a concentrated alcoholic extract of the flowers is treated 
with hot water and the mixture digested when boiling with addition of 
hydrochloric acid for three hours. After removal of tar by filtration 
the hot liquid on cooling deposits a brownish-yellow powder, which 
contains a mixture of quercetin and gossypetin. These colouring 
matters are separated by a fractional crystallisation of their mixed 
acetyl derivatives from acetic anhydride, acetylgossypetin being in 
these circumstances the least soluble. The acetyl compound is 
finally hydrolysed by sulphuric acid in the presence of acetic acid in 
the ordinary manner. 

Gossypetin, C,jH 10 O Hi forms yellow needles, melting-point 311— 
313", closely resembles quercetin in appearance, and is readily soluble 
in alcohol, but only very sparingly soluble in water. Concentrated 
alkaline solutions dissolve it forming orange-red liquids which on 
agitation and dilution with water, become green, then blue, and 
finally assume a dull brown tint. Alcoholic lead acetate gives a 
deep red precipitate in the cold passing into dull brown at the boil¬ 
ing-point, and with alcoholic ferric chloride a dull olive-green liquid 
is obtained. 

Gossypetin like quercetin forms compounds with mineral acids 
which crystallise in orange-red needles, and with alcoholic potassium 
acetate the monopotassium derivative C l6 H 9 0 8 K is produced. The 
hexa-acelyI derivative CisH 4 0 8 (C 2 H s 0) 8 forms colourless needles, 
melting at a 28—230°. By fusion with alkali or by dissolving the 
colouring matter in cold 50 per cent, aqueous potassium hydroxide 
and allowing the solution to remain exposed to air for twenty-four 
houri, with shaking, protocatcchvic acid is obtained. A phenolic sub¬ 
stance also produced by these methods of hydrolysis has not yet been 
identified. 

When methylated with excess of methylic iodide and methyl 
alcoholic potash gossypetin hexamethyl ether, C 15 H t O J (OMe)|, colour- 
letoi needles, melting-point 170— 17a 0 , is produced, and this by hydro¬ 
lysis with alcoholic potash gives protocatechuic acid dimethyl ether and 
gessypitol tetramethyl ether, CiaH u O«, needles, melting-point! 15— 
ittS. By ethylation in a similar manner, gossypetin hexaetkyl ether, 
CuH« 0 |( 0 Et)s, melting-point 144—146°, can be preparedt vkL with 
alcoholic potash yields diethylprotoeaieehuic add and gossypitottetra- 
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tiiylotktr, C 14 H m O„ melting-point no—m*. The latter forms an 
oxime, C u H m O|N, melting-point 117—1*9’, and when oxidised with 
permanganate gives gtssypetonic acid\ yellow needles, melting-point 
154—15s’. The constitutions assigned both to this latter (1) and to 
gossypito) tetraethyl ether (1) are given below:— 

(1) HO. C rt H(OEt) s CO. C 0 2 H 

(2) HO. CjH(OEt) s CO. CH 2 . OEt 
and from these that of gossypetin naturally follows:— 



C,H(OH) a II N —/ 

\ /CO. H 

CO 

When an alkaline solution of gossypetin is exposed to air the 
blue liquid on acidification yields a reddish-brown precipitate which 
on gentle warming becomes crystalline. Again, if benxoquinone is 
added to a solution of gossypetin in cold absolute alcohol a similar 
reaction takes place. On keeping for a few minutes crystals com¬ 
merce to separate and by then heating to 50° a semi-solid mass is 
obtained. 

Gossypitonc, C 15 H 8 O s , the name assigned to this substance, con¬ 
sists of microscopic needles of a dull red colour, which are difficultly 
soluble in the usual solvents. It dissolves in dilute alkalis with a 
pure blue coloration and its solution in concentrated sulphuric acid 
is dull brown. Sodium hydrogen sulphite solution reconverts it into 
gossypetin. Gossypitone possesses strong dyeing properties, and 
gives the following shades on mordanted woollen cloth :— 

Chromium. Aluminium. Tin. Iron. 

Dull-brown. Orange-brown. Orange-red. Deep olive. 

These, it is interesting to note, are identical with those given in 
these circumstances by gossypetin itself, and it is accordingly evident 
that during the dyeing operation oxidation of the latter to gossypitone 
takes place. Until a definite knowledge of the tetrahydroxybenzene 
nucleus in gossypetin has been obtained the position of the hydroxyl 
groups in this portion of the molecule can only be conjectured. Ex- 
is 6 hg as it does side by side with quercetin it seems natural to con¬ 
sider that gossypetin is a hydroxyquercetin. Again, should gossy¬ 
pitone be a/-quinone, the constitution of gossypetin will be the same 
„ as that which Neirenstein and Wheldale have suggested (Ber., 1911, 
48, 3487) for the fiavonol described earlier (i) which they obtained 
front quercetone, but the descriptions of the two compound* are not 

a*S «5 



in agreement* On the assumption of the necessity for a quinol 
nucleus in gossypetin a second constitution (a) is however possible 




Again, a third expression {3), representing gossypetin as an 
hydroxyquercetin, is available, though in this case gossypitone must 
be regarded as an ortho- rather than a para-quinone:— 


(i) 


H 0 fY°Y-O 

Hn y , ,/con 

OH 


The glucosides present in cotton flowers have been examined by 
Perkin (Chem. Soc. Trans., 1909, 95, 2181), who in the first place 
employed the Egyptian variety. The Egyptian cottons appear ac¬ 
cording to the researches of Messrs. Fletcher and Balls to be derived 
. from natural crosses of brown Peruvian cottons with the Sea Island 
variety. 

A concentrated alcoholic extract of the flowers deposits on cool¬ 
ing a semi-crystalline powder, and this consists mainly of the potas¬ 
sium salts of two glucosides, quercimeritrin and gossypitrin, whereas 
a third glucoside iso-quercitrin is present in the filtrate. A rough 
separation of the latter from this mixture may also be effected by 
means of aqueous lead acetate, for in these circumstances the pre* 
cipitation of isoquercetin does not occur, at least to any extent. The 
isolation of quercimeritrin and especially of gossypitrin in a pure 
condition from these flowers is however of too tedious a character to 
be described here, and for details of the processes involved, the 
original paper must be consulted. V,,:* 

• This compound, more recently synthesised by Neirenstein (Chem. Soc, 
Trent,, 1913,107, 87a), ia described as melting at 354—355“, and its hexSmethyl 
ether at *45-147“, v ' 
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Quercimritrin, CnH w Ou, jH, 0 , melting-point 14 7—*49" con¬ 
sist* of email, glistening, bright yellow plates, insoluble in cold arid 
fairly readily soluble in boiling water. Its alkaline solutions possess 
a deep yellow tint; with aqueous lead acetate it gives a bright red 
precipitate, and with ferric chloride an olive-green coloration. 
Octa-aatylquercimeritrin, needles, C 31 H 12 0 M (CaHj 0 ) 8 > melting-point 
a 14—*16°, is sparingly soluble in alcohol, whereas monopotassium 
quercimeritrin, a yellow powder, can be obtained by means of alcoholic 
potassium acetate. By hydrolysis with dilute sulphuric acid querci- 
meritrin yields quercetin and glucose according to the following 
equation:— 

C 3 ,H 30 O 12 + HjO ■=■ C IS H 10 O r + CjHjjOj 
and is thus analogous to quercitrin which in this manner is con¬ 
verted into quercetin and rhamnose. 

On wool mordanted with aluminium, tin, chromium, and iron, 
quercimeritrin gives the following shades:— 

Aluminium. Tin. Chromium. Iron. 

Orange-yellow. Bright orange. Reddish-brown. Olive-brown. 

and these results are interesting, because with the exception of the 
iron mordanted pattern, which is of a rather browner character, the 
colours thus produced closely resemble those which are given by 
quercetin itself when dyed in a similar manner. They are widely 
different from those given by rutin and quercitrin, and mainly as a 
result of this property there can be little doubt that quercimeritrin 
is to be represented by one of the two following formulae:— 

OH 

c,h,(oh),.o/y y-O oH 

OH 

OH 

U\ rn /c.° H 

C,H T (0H) 4 .0 co 

■ Quercimeritrin is also present in the flowers of the Prunut 
emafjginata ? (Finnemore, Pharm. Jour., i9to, (iv.), 31, 604). .'T";V 

Gossypitrin, C^H^O,,, only isolated with considerable difficulty, if 
mops readily prepared from the G. neglectum (see below). When ory- 
stallised from dilute acetic acid it contains jH 3 0 of crystallisation, 
say , 5 . 
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and is readily dissolved by hot water, but on boiling this solu¬ 
tion yellow needles of the anhydrous substance, melting-point 340— 
343“, separate. When anhydrous it does not absorb water of cry¬ 
stallisation from moist air, but on boiling with acetone the hair¬ 
like needles are broken up into much finer needles, which when 
dried at ioo° possess 1 molecule of water of crystallisation. Such 
a preparation melts at 200—202°, and when dried at 160 0 on stand¬ 
ing in air now absorbs water. Preparations possessing this lower 
melting-point can be obtained in other ways, and it is accordingly 
evident that gossypitrin exists in two interchangeable modifications. 

Gossypitrin dissolves in alkalis with a pale yellow coloration, 
and gives with lead acetate a deep red precipitate. It is almost 
insoluble in boiling acetone, a property which readily distin¬ 
guishes it from quercimeritrin, which is fairly soluble in the latter 
solvent. 

Acetyl gossypitrin, C 2 iH u O i3 (C 2 HsO) s , colourless needles, melting- 
point 226—228°, is almost insoluble in alcohol. 

When hydrolysed with dilute sulphuric acid gossypitrin yields 
gossypetin and dextrose according to the equation— 

C 2 ,H 20 O„ -f H,0 — Ci 5 H !0 O 8 + CgH; 2 0 8 

The shades given by this glucoside on mordanted wool are as 
follows 

Chromium. Aluminium. Tin, Iron. 

Reddish- Dull Bright Dark olive- 

brown. yellow. orange. brown. 

Gossypitrin reacts, like gossypetin itself, with benzoquinone, and 
yields in this way a quinone to which the name Gossypitrone, 
CjiH 18 0i 3, has been assigned. This consists of maroon coloured 
needles, which possess no definite melting-point, although fusion of 
the product occurs about 255—259°. By the action of warm dilute 
sulphurous acid solution it is reconverted into gossypitrin, and the 
same change appears to occur in the dyeing process, for the shades 
produced are identical with those yielded by this latter glucoside. 
It is considered probable that the sugar group of gossypitrin is 
attached to its tetrahydroxybenzene nucleus, though until the exact 
nature of this has been decided, its position is necessarily uncertain. 

Isofuercitrin, C 21 H w O ia , 2H 2 0, crystallises from dilute alcohol in 
pate yellow needles, melting at 217—219°. It is sparingly soluble 
in water, and dissolves in alkaline solutions with a deep yellow tint, 
but its most interesting property is the fact that with aqueous lead 
• acetate solution it gives a bright yellow precipitate entirely distinct 
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from the deep red deposit which is produced 'in. this manner from 
the isomeric quercimeritrin. 

Again, though more readily susceptible to hydrolysis than the 
latter glucoside, it yields identical products:— 

C al H 20 O l2 + H s O => C 15 H 10 O 7 + C,H,A 

Dyeing experiments with isoquercitrin give shades entirely dis¬ 
tinct from those given by quercimeritrin, and these, although slightly 
paler, resemble those yielded by quercitrin. 

Chromium. Aluminium. Tin. Iron. 

Brownish-yellow. Golden-yellow. Lemon-yellow. Brownish-olive. 

The properties of this substance indicate that its sugar group is 
not attached as in quercimeritrin to the phloroglucinol nucleus of 
quercetin. Indeed it is probably constituted similarly to quercitrin 
( loc. cit.), which, however, contains a rhamnose in the place of the 
glucose residue. Three formulas are possible for isoquercitrin, which 
may be briefly expressed by the statement that the position of the 
sugar residue in respect to the quercetin group is at one or other of 
the points in the following which are marked with an asterisk:— 

11 OH * 

\x/ c ' 0H ' 

The aqueous extract of the Egyptian cotton flowers employed in 
this investigation gave by hydrolysis with acid r86 per cent, of crude 
colouring matter, and in this approximately 10 per cent, of gossy- 
petin was present. ’ Dyeing experiments with the flowers in the 
usual way gave the following shades:— 

Chromiunt. Aluminium. Tin. Iron. 

Reddish-brown. Green-yellow. Orange-brown. Olive-brown. 

and these though duller were somewhat similar in character to those 
given by quercimeritrin. In comparison with the shades similarly 
produced from other natural dyes, they most nearly resemble those 
of the so-called “ Patent Bark," a preparation of quercitron bark 
in which quercetin and no quercitrin is present. 

Among the types of cotton flowers there are (a) red, ( b ) fink, 
(i) yellow, and (d) white flowered plants. In the offspring of a cross 
between (a) and (c) there occurs in the second and subsequent genera¬ 
tions red and yellow plants which breed pure, whereas in the Off- 
229 




THE NATURAL ORGANIC COLOUMNG MATTERS 

spring of a cross betwqgn (a) and (i I) all four forms occur which 
breed pure. As a supplementary investigation to that of the Egyptian 
flowers the petals derived from such pure plants occurring among' 
the offspring of one at other of these crosses have been examined 
(Perkin, Chem. Soc. Trans., 1916, 109, 145), (cp. Leake, Proc. Roy. 
Soc., 1911, (B), 83, 147). 

The types were as follows: red flowered, G. arboreum (Linn.); 
pink, G. sanguineum (Harsk); yellow and white, two varieties of 
G. neglectum (Tod), usually now treated as one species but originally 
described as G. neglectum and G. rossrum. As a result it has been 
found that the red flowers of G. arboreum contain isoquercitrin, quer* 
cimeritrin and gossypitrin in this case being absent, whereas in the 
yellow flowers of G. neglectum , gossypitrin and isoquercitrin were pre¬ 
sent, and quercimeritrin appeared to be absent. On the other hand, 
the white flowers of G. neglectum and the pink flowers of G. sangui¬ 
neum gave but traces of colouring matter too small for complete 
identification, though the respective products obtained resembled 
in their properties apigenin and quercetin. An examination of the 
ordinary Indian cotton flower, G. herbaceum, available only in small 
amount, gave the same results as the G. neglectum. 

Gossypetin is also present in the flowers of the Hibiscus sabdariffa 
or "red sorrel" of the West Indies, a small shrub which is widely 
cultivated throughout the hotter parts of India and Ceylon (Perkin, 
Chem. Soc. Trans., 1909, 95,1855). The stems yield the “Rozelle 
hemp " of commerce, and this is obtained by retting the twigs as soon 
as the plant is in flower. The yellow flowers are just capable of dye¬ 
ing yellow but are not used at all in India for this purpose; on the 
other hand, the red calyces are employed for dyeing in an obscure 
degree in two remote parts of the country (Burkill, Agricultural 
Ledger, Calcutta, 1908, No. 1, 13). 

African Marigold. Tagetes patula. 

Quenetagetin was isolated from the flowers of the African marigold, 
Tagetes patula, by Latour and Magnier de la Source (Bull. Soc. 
Chim., 1877, (ii.), 28, 337), who slate that it also occurs in other 
varieties of the same plant. In appearance and general properties it 
is described as resembling quercetin, the colouring matter of quer¬ 
citron bark, and from this fact, together with its origin, the name 
quemtagetin is evidently derived On the other hand, accordirig 
to these authors, its crystalline form, solubility in 60 per cent, 
alcohol, and the numbers obtained on analysis indicated that it was 
distinct from quercetin and it was considered to possess 

*30 



FLAVONOL GROUP 

the formula CjtH b O u (anhydrous) or CjyHnOu, 4H1O (air-dried), 
A preliminary re-examination of this colouring matter was made by 
Perkin in 190* (Chem. Soc. Proc., 18, 75), and it has more recently 
been studied in greater detail by the same author (Chem. Soc. Trans., 
1913, 103, 209-). To isolate the colouring matter, which is largely 
present in the flowers as glucoside, a concentrated alcoholic extract 
is diluted with water which precipitates a viscous impurity, and this 
is removed by means of ether. . The clear liquid treated when boiling 
with addition of a little hydrochloric acid deposits after cooling but 
a small bulk of the colouring matter, and repeated extraction of the 
solution with ether is necessary for its economical isolation. The 
crude product thus obtained can be crystallised from dilute alcohol, but 
for complete purification i^ is necessary to prepare the acetyl deriva¬ 
tive, and after re-crystallisation to hydrolyse this in the usual manner, 

Quercetagetin , C 15 H 10 O 8 , or as crystallised from dilute alcohol 
C lt H 10 O 8 , 2 HA forms pale yellow glistening needles or leaflets 
resembling quercetin in appearance and melts at about 318°. Very 
dilute alkali dissolves it with a pure yellow colour, which by air oxida¬ 
tion becomes olive, and finally deep brown, but these changes are 
not so marked when a stronger alkali (10 per cent.) is employed. 
Alcoholic ferric chloride produces an olive-green coloration, whereas 
cold alcoholic lead acetate forms an orange-red precipitate which on 
keeping becomes yellower and finally develops a green tint. On 
fusion with alkali protocatcchuic acid is obtained, together with a 
phenolic product which, however, quickly oxidises, and has not yet 
been identified. 

Quercetagetin readily yields oxonium salts with mineral acids, and 
of these the sulphate Ci 5 H w 0 8 , H a SO„ fine orange coloured needles, 
has been described. 

Monopotassium quercetagetin, C ls H e 0 8 l£i separates as an orange- 
yellow semi-crystalline precipitate when potassium acetate is added to 
a solution of quercetagetin in absolute alcohol. 

By acetylation acetylquercetagetin, C 15 H 4 0 8 (CAjO) 8 , colourless 
needles, melting at 209—211°, is produced, and on alkylation em¬ 
ploying alkyl iodide quercetagetin pentamethyl ether, 

C 15 H, 0 »(OCH a ) s , 

pale yellow needles, melting-point 161—162', and quercetagetin hexa- 
mtkyUther, C u H 4 0 8 ( 0 CHj) e , colourless needles, melting-point 157—7 
t $8°, can be prepared. Acetylquercetagetinpentamethyl ether, 

C u HA(OCH,) s C,H, 0 , 


melts at 161—163*. 
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Quercetagetin hexaetkyl ether, CijH 4 Oj(OEt)j, melting-point 139 
—141°, yields oxonium salts with mineral adds in the presence of 
acetic acid, the sulphate separating in orange needles, whereas the 
crystals of the hydrochloride possesses a somewhat more yellow colour. 
This behaviour is analogous to that of quercetin pentamethyl ether 
(Watson, Chem. Soc. Proc., 1911, 27, 163). 

When hydrolysed with alcoholic potassium hydroxide querceta- 
getin bexaethyl ether gives protocatechuic acid diethyl ether and querce- 
tagetol tetraethyl ether, C 1# H 2< 0 8 , which crystallises in prismatic needles, 
melting-point 46—48°. The latter yields the oxime CuH 2 jO ( N, 
melting-point 93—95°, and when oxidised with alkaline permanganate 
quercetagetinic acid, melting-point 100—102°, is produced. 

The production of quercetagetol diethyl ether to which the con¬ 
stitution (r) is assigned, and protocatechuic acid diethyl ether (2) 


OH 


(1) C,H(OEt) a { ( 2 ) 

x CO-CH s . OEt 


C 0 2 H. C,H s (OEt)j 


from quercetagetin hexaethyl ether, indicate that quercetagetin is a 
pentahydroxyflavonol isomeric with myricetin and gossypetin. Simi¬ 
larly to this latter colouring matter it appears to contain a tetra- 
hydroxybenzene nucleus, and it is suggested that its constitution may 
be represented by one of the two following formulae :— 

OH OH OH 

h YY Y-O 0 " A /0 x K> h 

H( V\co/ COH OH U\co/ COH 

HO OH 


Quercetagetin readily dyes mordanted fabrics shades of a gener¬ 
ally similar character to those given by other well-known flavonol 
colouring matters. 

Chromium. Aluminium. Tin. Iron. 

Dull olive-yellow. Yellow-orange. Brown. Brownish-black. 

A trace of a more sparingly soluble colouring matter is present in 
the flowers and represents about 1 per cent, of the crude quercetagetin 
referred to above. It crystallises from alcohol in somewhat indefinite 
groups of minute needles and dissolves in alkaline solutions with an 
orange colour passing to green on dilution with water. Though 
similar in appearance to rhamnetin (quercetin monomethyl ether) it 
does not contain a methoxy group. 
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■ Dyeing Properties of thi Flowers .—Employing mordanted wopM*^ 
doth,' the following shades are produced:— 


Chromium. 

Yellowish- 

brown. 


A/uminiutn. Tin. Iron. 

Pale dull Deep yellow- Brownish- 
yellow. orange. black. 


These possess a somewhat redder character than those given by 
quercitron bark, and are similar to, though not so red as those from 
patent bark. As quercetagetin mainly occurs in the flowers as 
glucoside, their tinctorial effect is evidently due to this latter. 
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7-PYRAN group. 

Anthocyanins and Anthocyanidins. The Anthocyan Pigments: Introduction — 
Historical — Structure and Relationship to Flavonols — Tinctorial Pro¬ 
perties. Pelargonidin : Callistephin — Pelargonenin — Pelargonin — Salvi- 
anin—Salvin—Salvinin. Cyanidin : Asterin — Chrysanthemin — Idaein — 

Cyanin — Mekocyanin — Keracyanin — Prunicyanin — Peonidin — Peonin. 
Delphinidin: Violanin — Delphinin — Ampelopsidin — Ampelopsin — Myr- 
tillidln—Myrtillin—Althaein—Petunidin—Petunin —riparia Pigments 
—-Malvidin—Malvin—Oenidin—Oenin. Synthetic Products of the Antho- 


cyan Series. Other members of the group; 

: Carajura— Bignonia tecoma. 

The y-PvRAN, or Benzopvranou Group—Introduction. 

\c— 

V/°\c- 

The groups, 1 II or 

I 11 
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/ V/ c 

1 

A% c / C ~ 
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/\A C - , 

\/\/°\ c _ 

and | II or 

! II 

\A C / C - 

\/\ C / C ~ 


are of considerable interest in connection with both the artificial 
and naturally occurring colouring matters. They form the basis of 
a number of synthetic colours that have been in commercial use 
for many years, of which the following may be cited as typical 
instances 



t pwan group 


Cl 

Me ^\/\/^\/\/ NMe * 

\/\ c /\/ 

t • 

H 

Pyronin G. 


^YY^xAj-on. 

Br/\A c /\/ _Br 
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Rosin A. 
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U\ c /\/ 
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Ph 

Tctramethylrosaminc. 


Cl 

EtjN \/\/ 0 \/\/ NEtl1 

l/\ c /\/ 

i 

Q-cooh 

Rhodamine B. * 

whilst related to these, but of less value, are such products as the 
succioeins and sacchareins. 

The result of recent researches upon naturally occurring colour¬ 
ing matters has been that a large number of substances, the antho- 
cyans, colours of great beauty and widely distributed in nature, are 
now known to be derivatives of the benzopyranol complex; indeed 
all the products of this group as yet investigated are derived from die 
. following nucleus— 

2 JS 


OH 


OH 


\/\/°\/\/ 0H 


\/\r/\/ 

I i 

/\Ao 


\/ 

Coerulein. 
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Cl - 

HO \/-,A C _0 

Ia c A oh 


Ah 


H 


by the introduction of further hydroxyl groups. 

Interest in this type of compound is increased by the fact that 
compounds related to the anthocyans have been synthetically pre¬ 
pared which have rather more useful tinctorial properties than those 
possessed by the natural colours, and it is not impossible that the 
number of commercially useful derivatives in which the y-pyran 
nucleus is present may be further increased by work that may follow 
upon the recent researches in this field. 

The Anthocyan Pigments—Introduction. 

The red, blue, and purple pigments of this group being the cause 
of some of nature’s most beautiful and vivid colour effects, it is not at 
all surprising that at quite an early date chemists began to attempt 
the investigation of these pigments. Despite this, it is only within 
the last few years that anything definite concerning the chemistry of 
this group has become known. 

The term Anthocyan appears to have been introduced by Mar- 
quart (Die Farben der Bliiten, Bonn, 1835) to designate the blue 
pigments present in flowers. Later there arose the belief that the 
red and purple flower pigments were all merely different forms of the 
same blue anthocyan—or, as Fremy and Cloez styled it, cyanin—and 
that the variation of colour was merely due to the nature of the cell 
sap; this resulted in the name anthocyan being indiscriminately 
applied to all of them. The present use ol the term anthocyan to 
designate a large class of naturally occurring plant pigments gradually 
became general as from time to time evidence accumulated to show 
that the red, purple, and blue pigments differed considerably among 
themselves. 

As early as 1836, Hope, in a paper read before the Royal Society 
of Edinburgh (March 21; cf. J. f. prakt. Chem., (io), 269 (1837)), 
concluded, as the result of experiments on a large number of different 
kinds of flowers, that the pigments, or chromules, present were 
formed from faintly coloured chromogens, by a variety of changes. 
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Of these chromogens, according to Hope, there were two types, 
one called by him Erythrogen, which by the action of acids yielded 
red pigments, and a second, named by him Xanthogen, which 
with alkalis gave rise to yellow pigments. He concluded that, in 
orange, red, purple, and blue flowers both were present, whereas 
in yellow and white flowers only xanthogen was found. From his 
examination of leaves, he concluded that chlorophyll was accompanied 
by xanthogen, but that, excepting in cases where reddening was 
obvious—e.g. autumn leaves—no erythrogen was present. 

In the following year, Berzelius (Annalen, 1837, si, s6s) 
published the results of experiments on the pigments present in some 
berries, as cherry, black-currant, and in autumn leaves, e.g. red- 
currant, and of his attempts to purify and isolate them. For the 
red-leaf pigments he suggested the name Erytkrofhyll (leaf red), but 
pointed out that there might be objections to this term, as the 
pigments of flowers and berries appeared to belong to the same class, 
—an indication of the expansion of the term anthocyan to cover other 
than flower pigments. 

In his attempts to prepare the pure pigments, Berzelius made 
use of the precipitation, by means of lead acetate, of the insol¬ 
uble lead salts of these pigments, and of their regeneration by 
means of sulphuretted hydrogen. Berzelius did not obtain any 
pure pigments, but the above-mentioned method, either as used 
by him, or with such small modifications as the decomposition 
of the lead salt by means of hydrochloric acid instead of with sul¬ 
phuretted hydrogen, has been employed by a large number of 
later workers, though by this means only Grafe (1906) and Will- 
statter (1916) have succeeded in obtaining crystalline products. 
Berzelius was not of the opinion that all these pigments could be 
considered as the same blue substance changed by variation in the 
cell sap. 

The next work of interest was that of Morot (Annales des Sc. 
nat., (3), 13, 160 (1849-1850)) who attempted to prepare the blue 
pigment of the cornflower by repeated precipitation of its aqueous 
solutions by means of alcohol. He did not thus obtain a pure pro¬ 
duct, but the method is of interest in that, improved by the use 
of modern apparatus, it constitutes the first step of the process 
whereby Willstatter and Everest isolated the pure corn-flower pig¬ 
ment. Impurities containing nitrogen were present in Morot’s 
products, and in the presence of nitrogen he saw a possible 
connection between this pigment and chlorophyll, but it should 
be noted that he was doubtful whether this nitrogen was really a 
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constituent of the pigment; He described the decolorisation on 
standing in solution Which is characteristic not only of this, but 
also of nearly all anthocyans. That this decolorisation observid by 
Morot occurred in other cases was proved by the work of Fremy and 
Cloiz (Joum. de Ph. et de Chim., (3), 15, 249), who, moreover, by 
allowing such a decolorised solution to evaporate in the air, whereby 
the colour returned as the solution became concentrated, showed 
that the pigment was not destroyed by this change. They, however, 
looked upon the decolorisation as the result of a reduction of the 
pigment. These workers used the cornflower, violet, and iris for 
their experiments on blue pigments, and for those on red ones, the 
dahlia, rose, and peony. In each instance they attempted to purify 
die pigment by use of the lead salt, as described by Berzelius, but in 
no case, however, did they obtain a pure product. 

Fremy and Cloez discussed the general ideas then current regard¬ 
ing the plant pigments, and pointed out the uselessness of assuming, 
as so many workers about that time did, that a relationship existed 
between chlorophyll and the blue and yellow pigments, for, as pure 
chlorophyll had not then been obtained, and the flower pigments 
were almost uninvestigated, no reliable conclusions could be drawn. 
They suggested that all anthocyans were one and the same substance 
—which they called cyanin—and that the colour variations were due 
to the properties of the particular plant sap. They distinguished three 
flower pigments: (1) Cyanin (red or blue); (2) Xanthins (yellow, in¬ 
soluble in water); (3) Xanthe'ins (yellow, soluble in water). Here a 
clear distinction is made between the carotin derivatives, correspond¬ 
ing to (2), and the flavone and flavonol derivatives, to (3), both of 
which occur as yellow flower pigments. These authors considered 
that (t) and (3) were in no way related to each other, for although 
they almost invariably found (3) occurring in flowers containing (1), 
they never observed a blue flower turn yellow, nor "a yellow flower 
turn blue. 

Filhol (Comptes rend., 39, 194; J. pr. Chem., 1854, 63, 78) in¬ 
vestigated qualitatively a large number of flowers and confirmed 
previous workers’ observations that'yellow pigments—for which he 
retained the name Xanthogen—were present, not only in yellow 
and white, but also in red, purple, and blue flowers. He con¬ 
cluded that, with some few exceptions, all -the red, purple, and blue 
pigments were derived from the same anthocyan. He examined 
the decolorisation of anthocyans in solution, and finding that -die 
addition of acid caused the reappearance of colour, concluded that 
the decolorisation could not be the result of a reduction, at «(£ 

>38 



y-P.rXAN CROUP ' 

gested by Fremy and Qo 4 z. In his opinion this was doe to the 
mixing of the pigments with other contents of plant cells, from 
which they were kept apart in the living plant. 

Martens in 1855 (cf. Jahres., 1855, 657) attacked the prob¬ 
lem from another point of view, attempting to elucidate the mode 
of formation of the anthocyans in plants. He further confirmed 
the presence of the yellow pigments, for which he used the name 
Xanthein of Fremy and Goes in flowers containing anthocyan, 
and as the result of his work was led to put forward the hy¬ 
pothesis that both yellow and red pigments have their origin 
in a faintly yellow substance produced in the sap of all plants, 
which by oxidation, particularly under the influence of alkalis and 
light, produces the different yellow pigments, from which by further 
action of light and oxygen, the red pigments are formed. It is 
interesting to note that the relationship thus suggested by Martens 
as existing between the yellow pigments and the anthocyans is that 
which has been revived in more recent years by Wheldale; Keeble, 
Armstrong and Jones, and others (see below). 

In 1859 Morren put forward the suggestion that the blue flower 
pigments (anthocyans) were the alkali salts of acids which in the free 
state are red, and for which he used the name Erythrophyll (cf, 
Berzelius). His conception of the blue pigments has been confirmed 
by recent work, but not so that regarding the red colouring matters. 

A number of workers have, at different times, attempted to pre¬ 
pare pure anthocyan pigments by making use of their lead salts (cf. 
Berzelius); thus Gtenard (Comptes rend., 47, 268; Jahres., 1858, 
476), working with red wine, and using ethereal hydrochloric acid for 
the decomposition of his lead salt, obtained a pigment which he called 
Oenolin, and for which he put forward the nitrogen-free formula 
CwHuOjo. His preparation was, however, by no means pure. Senier 
(c£ Jahres., 1878, 970), using Rosa gallica , and decomposing the 
lead compound, suspended in alcohol, either by sulphuric acid or 
sulphuretted hydrogen, prepared a pigment, for the lead salt of 
which he gave the formula C 21 H 28 OjoPb 2 . Heise (cf. Chem. Zentr., 
1889, a, 953) by similar means prepared two pigments (A and B) 
from red wine, using sulphuretted hydrogen for decomposing the lead , 
salts,.and suggested that Glinard’s compound was a mixture of these. 
His examination, however, was not complete. Gian (Dissertation, 
Erlangen, 189a), examining the pigment of the deep-red holly-; 
hock, also obtained two products, and in 1894, Heise (cf. Chgo. 
Zentr., 1894, 2, 846) further prepared two pigments (A and B) 
from the bilberry (in this case ruing ethereal hydrochloric acid to 
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decompose the lead salt), and obtaining them in a fairly pure, but 
amorphous condition, showed that the one (fi) was a 'glucoside of 
the other (A). He gave analyses and formulae, but these have proved 
to be incorrect, though the relative amount of glucose which he 
found to be present in his glucoside (B) has proved to be approxi¬ 
mately accurate. 

The result of this work of Heise and Gian was to produce a 
genera! tendency to consider that the anthocyan pigments were 
present in plants both as glucosides and non-glucosides, the former 
predominating somewhat. Molisch, in 1905, decided in favour of 
their being glucosides, but Grafe, who carried out a continuation of 
Molisch’s work on a preparative scale, reverted to the earlier ideas. 
The results of recent work have definitely proved that in all investigated 
cases these pigments occur as glucosides possibly accompanied in a few 
instances (cf. Annalen, 1916,412,195) by a small percentage of sugar- 
free pigment, the non-glucosides isolated by the above workers being 
almost entirely the result of hydrolysis during their preparation. 

In 1895 VVeigert published (Jahrber, der k. k. ijnol. and pomol., 
Lehranstalt in Klosterneuburg, 1894-1895) a classification of the antho¬ 
cyan pigments, thereby completely dispelling the one pigment idea 
that had so often been brought forward. As already stated, the views 
of earlier workers upon this point differed considerably; thus Berzelius 
was of the opinion that more than one anthocyan pigment existed, 
whereas Fremy and Cloez considered that all red, violet, and blue 
flowers contained the same blue pigment (cyanin), its colour having 
been changed by the conditions prevailing in the various cell saps. 
Filhol, as also Wigand (Bot. Ztg., 1862, 123), likewise asserted that all 
red and blue flower colours were produced by different forms of one 
and the same anthocyan, and Hausen (Die Farbstoffe der Bliiten und 
Frtichten, Wurzburg, 1884, p. 8) went still further, being of the 
opinion that not only all red colours in flowers, but also those in 
fruits, were due to one and the same pigment. Wiesner (Bot. Ztg., 
1862, 392), however, cast considerable doubt upon the identity of all 
these compounds. 

Weigert, as a result of the comparison of the behaviour of the 
anthocyan pigments with various reagents, in particular with regaid 
to the colour of their lead salts, and the colour changes that took 
place on addition of acid or alkali, distinguished two classes of these 
compounds, the first—Wine-red group—such as gave blue or bhie- 
green lead salts, and whose acidified solution, on addition of alkali 
became blue or blue-green; and a second—the Beetroot-red group— 
which gave red lead salts, and whose add solution showed no change 
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01 colour, or sugar change to violet-red, on being made alkaline. 
The crude anthocyan pigments are, however, so varied in their 
reactions, that this simple classification of Weigert by no means 
covers all cases, for even by comparison only of the colour changes 
on acidification or on being made alkaline, and by formation of the 
lead compounds, quite a number of sub-groups can be observed. 

Overton (Pring. Jahrber. f. wiss. Bot., 1899, 33, 22a) also came 
to the conclusion that a considerable number of different anthocyan 
pigments existed. 

In all the above-mentioned work, either qualitative results only 
were aimed at, or the preparations were amorphous and lacked the 
essential characteristics of chemically pure products. From these 
observations, however, it had become clear that in the anthocyans a 
large class of new pigments were awaiting chemical investigation, and 
moreover, in the light of the work of Heise and Gian, it was evident 
that at least certain of these must be looked upon as belonging to 
a class of nitrogen-free glucosides. This view was expressed by 
Molisch in 1905. 

In 1903 two papers were published by Griffiths (Ber., 36, 3959; 
and Chem. News, 88, 249) which, had they been followed up, 
might have had considerably greater influence on this field of 
work than has been the case. He describes the preparation for 
the first time of an anthocyan in a crystalline condition. His 
work was carried out with geranium and verbena flowers, but the 
pigment obtained from the latter contained nitrogen and sulphur 
and was doubtless impure; that from the geranium contained 
neither of these elements, and was the only one analysed. His 
method of preparation consisted in extracting the petals with 90 
per cent, alcohol, and after filtration evaporating in vacuo. The 
residue thus obtained was extracted with absolute alcohol, filtered, 
and the filtrate again evaporated in vacuo, when the pigment 
separated in crystalline form. He did not attempt to decide 
whether the pigment was a glucoside or not. The description of 
his experiments is very superficial and imperfect; thus, for ex¬ 
ample, the fact that a fresh 90 per cent, alcoholic extract of 
geranium petals has a fine scarlet colour, but passes in a few 
minutes to a practically colourless solution, which, however, regains 
its original colour as evaporation takes place, is not even mentioned. 

Very different in character from these papers of Griffiths is the 
beautifully clear and descriptive publication of the botanist Molisch 
(Bot- Ztg., 190$, 145), and a greater incentive to research upon 
these pigments than lies in this paper one cannot easily imagine. 
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Molisch, after giving a summary of the literature dealing with the 
then very doubtful appearance of solid anthocyan pigments in plants, 
described how, on examination of a number of anthocyan-containing 
flowers and leaves, he found that these pigments existed not only in 
solution in the cell sap, but were, in many cases, present also in the 
solid state, sometimes as small spheres, sometimes as definitely 
crystalline formations. Of some of the more well-defined cases 
he gave illustrations. Having described the appearance of an- 
thocyan crystals in the living plant, he followed up these observa¬ 
tions with a description of his attempts to obtain crystals of these 
pigments outside the plant. In this in several cases (pelargonium, 
rose, Anemone fulgens) he was successful, and gave illustrations of 
the resultant microscopic crystals. Having thus established the fact 
that some of these pigments readily crystallise, he pointed out that 
it should not be difficult to prepare them in sufficiently large quanti¬ 
ties for chemical examination. In a very slightly modified form, 
the method whereby Molisch obtained his crystals is so simple and 
certain, that it is worth describing. One or two petals of the 
flower are laid upon a piece of glass, slightly larger than a micro¬ 
scope slide and upon which are one or two drops of 75 percent, 
acetic acid, the cell structure is then broken down by rolling a glass 
rod over them, leaving the petals flattened on the glass with the cell 
sap beside or upon them. Two or three more drops of 75 per cent, 
acetic acid are then placed on the petals, and a microscope slide 
pressed down upon them. The whole is then placed under a clock- 
glass (to ensure slow evaporation), and after some twelve to twenty- 
four hours crystals begin to appear, either round the edge of the slide, 
or round or on the petals. Scarlet pelargonium gives the best results 
and very rarely fails; in some cases, using these flowers, clusters of 
crystals may be obtained so large that they are readily discernible by 
means of the naked eye. 

As mentioned above, Grafe was moved by the work of Molisch 
to attempt the chemical investigation of some of these pigments. 
He published three papers (Sitzber. k. Akad. d. Wiss., Vienna, 1906, 
975 ; 1909, 1033; andi9ii, 765); in the first he described experi¬ 
ments with red cabbage leaves and rose petals, from neither of 
which could he obtain any crystalline pigment; from the blue- 
black berries of Zigustrum vulgare he obtained a crystalline product, 
but was unable to obtain any agreement in his analyses of it, and 
finally, with the flowers of the hollyhock (Althaea rosea), he obtained 
two pigments, one crystalline, the other amorphous, of which he gave 
analyses. In each case he used the lead compound for the prepata- 
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tion of his pigment, and decomposed this by means of sulphuretted 
hydrogen. After separation of the hollyhoclupigment in this manner, 
he further purified it by means of alcohol and ether. 

To the crystalline compound he gave the formula C u Hj^O,, the 
amorphous product C 2 oHjo 0 1s ; he cbnsidered the latter to be" a 
glucoside, as from it he obtained glucose by hydrolysis, but ap¬ 
parently did not examine the non-glucoside pigment produced by 
this reaction. In his second paper he continued his investigation 
of the hollyhock pigment, and discussed the formation of antho- 
cyans in the plant. The third paper of the series contains an 
account of his further attempts to prepare the pigment of the red 
cabbage in a crystalline form. Despite the fact that Molisch had 
failed to obtain crystals by his method, Grafe attempted to produce 
them by using the same process on a larger scale. Failing in his at¬ 
tempts, he tried dialysis—previously used in other cases by Portheim 
and Scholl (Ber. deut. Bot. Ges., 1908, 26a, 480)—as a means of 
purification, but again failed to obtain any crystalline product Grafe 
then turned his attention to the pigment of the scarlet pelargonium, 
which had so readily yielded crystals. He was successful in ob¬ 
taining this pigment in a fine crystalline condition (microphotographs 
of the crystals were given) by carrying out Molisch’s experiment on 
a large scale, employing the lead salt method, or dialysis. Besides 
the crystalline pigment, Grafe obtained, as with the hollyhock, 
an amorphous compound, and in this case also considered the 
latter to be a glucoside, whereas the former was sugar-free. The 
crystalline compound he described as very unstable and deliquescent; 
as this is not true of the pure pigment his crystals must have con¬ 
tained impurities—for it he gave the formula C 18 H M 0 13 . To the 
amorphous substance he gave the formula C ;4 H„ 0 2 „, and from it by 
hydrolysis obtained glucose; here again he does not appear to have 
examined the resulting non-glucoside pigment. Of the crystalline 
.substance he obtained 10 grams, together with 15 grams of the 
amorphous compound, from some 28 kilograms of fresh petals, 
which would point to a slight preponderance only of the glucoside 
in the petals if no hydrolysis took place during its isolation. 

Having thus overcome the experimental difficulties involved, and 
having for the first time obtained considerable quantities of an- 
anthocyan in crystalline condition, it is to be regretted that Grafe 
drew such incorrect conclusions from his results. Doubtless be 
had in mind those of Heise and Gian, that both glucoside 
and non-glucoside pigments were present in the plants they ex¬ 
amined, for, on finding that his amorphous product reduced 
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Fehling’s solution, but that his crystalline substance did not, he 
concluded that the former only was a glucoside, and convinced him¬ 
self of this by its hydrolysis whereby he obtained glucose. Re¬ 
cent work has proved that Grafe's amorphous product must have, 
been an impure specimen of the glucoside containing reducing 
sugars, whereas the crystalline substance was the glucoside i» a 
practically pure condition; the possibility that such glucosides 
when pure do not appreciably reduce Fehling’s solution never 
appears to have occurred to Grafe, and as a result he never seems 
to have attempted to hydrolyse his crystalline pigments. He con¬ 
cluded that his work, together with that of Heise and Gian, proved 
the co-existence, in the cases examined, of glucoside and non-gluco- 
side in these plants. This conclusion has, however, been proved 
erroneous by the work of Willstatter and Everest, who have shown 
that only the glucoside there exists, accompanied in a few in¬ 
stances by a small percentage of sugar-free pigments. 

During the years covered by this series of papers by Grafe, a 
considerable amount of work had been published by botanists, deal¬ 
ing with the formation of the anthocyans in plants. Miss Wheldale, 
as the result of much botanical work, came to the conclusion that 
the anthocyans are derived from colourless or faintly coloured 
chromogens (probably flavone or xanthone derivatives) by oxidation, 
most probably as the result of the action of peroxidases. She con¬ 
sidered that the chromogens were produced by hydrolysis of gluco¬ 
sides that existed in the plant, this reaction being reversible. An 
essential feature of her theory is that the oxidation of the chromogen, 
with production of anthocyan, can only take place after the hydrolysis 
of the glucoside. To represent these changes she proposed the 
following scheme:— 

Glucoside + H s O Chromogen + sugar, 
then, Oxidation of chromogen * -* Anthocyan pigment. 

As chemical evidence of the latter part of these changes, 'Nieren- 
stein and Wheldale (Ber., 1911, 44, 3487) and Nierenstein (Ber., 
*913, 45, 499) brought forward products obtained by the oxidation 
of quercetin and chrysin respectively with chromic acid, which 
they described as “ Anthocyan-like " products. The reactions from 
Which they drew this conclusion were, however, by no means suffi¬ 
cient to show that any relationship exists between these compounds 
and the anthocyans. In this connection it is necessary to mention 
the observation of Perkin (Chem. Soc. Trans., 1913, 650), that 

* This oxidation may, or may not, be accompanied by polymerisation, 
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gossypetin by oxidation in alkaline solution yields a substance 
(gossypeton) which is coloured deep blue by alkalis and ted by 
acids. He pointed out the bearing of this observation upon the 
theory of Miss Wheldale. The fact, however, that this pigment is 
somewhat stable to alkalis is not in agreement with the properties 
* of such anthocyans as have as yet been investigated, and indeed 
Perkin expresses doubt as to its existence as such in the cotton 
flower itself. 

Keeble, Armstrong, and Jones (Proc. Roy. Soc., B., 19 r a, 85, 
at5; B„ 1913, 86, 308, and 318; B., 1913, 87, 113; and Keeble 
and Armstrong, Jour. Genetics, 1913, a, 277) have published a 
number of interesting papers upon the formation of anthocyans, and 
the hypothesis which they support is very similar to that of Miss 
Wheldale, but they part company with that author in regard to the 
process necessary subsequent to hydrolysis of the glucosides, for 
they maintain that the oxidation must be preceded by reduction of 
the non-glucosidal flavone or flavonol derivative. 

In these experiments Keeble, Armstrong, and Jones came 
very near to the discovery of the true relationship that exists be¬ 
tween the anthocyans and the flavones, for, in the light of later 
work described below, it is obvious that by some misfortune their 
reductions were carried too far (cf. Everest, l’roc. Royal Soc., 1914, 
B., 87*449). 

In 1913 Willstatter and Everest (Annalen, 401, 189) published 
an account of investigations upon the anthocyan pigments, and in 
particular of the pigment of the corn-flower, and in this communica¬ 
tion—the first of a series by Willstatter and his collaborators—some 
important conclusions were arrived at. It was proved that the blue 
form of corn-flower pigment was a potassium salt, the free compound 
being violet in colour, whereas the red form was not this latter, 
as. had always been assumed by previous workers, but an oxonium 
salt in which the pigment was combined with an equivalent of some 
mineral or plant acid. The anthocyans were found to be most 
stable when in the form of these oxonium salts. It was also definitely 
proved that the decoiorisation in solution, so often mentioned by 
other workers, was not due to reduction. 

Having obtained the corn-flower pigment pure and crystalline 
in the form of its chloride, they proved that it was a disaccharide, 
since on hydrolysis 2 molecules of glucose were split off from 
each molecule of pigment; the sugar-free pigment was obtained in 
a finely crystalline condition. Microphotographs of the crystals were 
given. The pure glucoside does not reduce Fehling’s solution. 
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By careful oxidation of cyanidin with hydrogen peroxide, a yellow 
crystalline product was obtained which in its reactions closely re¬ 
sembled a flavonol colouring matter. 

To prevent confusion these authors proposed the terms antho- 
eyanins and anthocyanidins for the glucoside and non-glucoside 
pigments respectively, and in agreement with this assigned to the 
glucoside present in the corn-flower the name introduced by Fremy 
and Cloez— cyanin , whereas to the sugar-free pigment obtained by 
hydrolysis of cyanin the name cyanidin was given. 

Willstatter and Everest introduced a method whereby they were 
able to distinguish between glucoside pigments of the anthocyan 
series and the corresponding sugar-free pigments. This depends 
upon the difference that exists between these classes of pigment in 
their distribution between amyl alcohol and aqueous acid. It has 
been very carefully studied by Willstatter and his collaborators in 
the course of their later work, and by but very slight modification 
it has been possible to utilise it in many cases to determine, with 
very considerable certainty, whether a given anthocyan pigment is a 
mono- or disaccharide, or a sugar-free pigment; and indeed in 
certain instances (e.g. chrysanthemum pigments) to separate mix¬ 
tures of mono-, di-, and non-glucosides by its means, and show 
clearly the presence of all three. There are, however, limitations 
to its use for these purposes, dependent upon circumstances that 
are dealt with below. 

Under suitable conditions of acid concentration Willstatter and 
Everfest used dilute sulphuric acid at. N — 2N; whereas in later 
work Willstatter and Zollinger use 0-5 per cent, hydrochloric, or 
sulphuric acid. The disaccharide anthocyans (with few exceptions) 
are almost quantitatively retained by the aqueous layer—in the form 
of their oxonium salts—when a solution of the pigment in aqueous 
acid is shaken with amyl alcohol; the monosaccharide derivatives, 
however, pass partially into the amyl alcohol layer—the percentage 
of the total pigment taken up by the alcohol being to a certain extent 
characteristic of the individual pigment. This may be quantitatively 
removed again by repeated washing with dilute aqueous acid, whereas, 
when sugar-free pigments are subjected to this test, the amyl alcohol 
layer takes the pigments quantitatively from the aqueous layer, and 
they cannot be removed from the amyl alcohol by washing with 
aqueous add. 

Willstatter and Zollinger have given the name “ Distribution Num¬ 
ber" (Verteilungszahl) to the percentage of the total pigment pre¬ 
sent which is taken up into the amyl alcohol layer when the above 
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test is canted out under certain conditions. These numbers are of 
considerable use in characterising a pure pigment of this series. 

For the purpose of estimating the “ Distribution Number ’’ of an 
anthocyan, o'oi gr. of the pigment is dissolved in 50 c.c. of o - 5 
per cent, hydrochloric acid. In the original description of this 
ftethod (Annalen, 1916, 412, 208) this is erroneously stated as o'os 
per cent. HC 1 , but the various references in the context, p. 208 and 
p. 209, make it obvious that 0-5 per cent, is meant. It is stated 
also that a more dilute acid allows of some isomerisation, whilst in 
more concentrated acids the pigments are less soluble (hence the 
choice of 0-5 per cent,). The solution is shaken twice with amyl 
alcohol (free from pyridine), using 50 c.c. amyl alcohol for each 
shaking. The small quantity of acid that passes to the alcoholic 
layer is sufficient to prevent isomerisation of the pigment in that layer. 

The amyl alcoholic extracts are then quantitatively estimated by 
comparison (colorimetrically) with standard solutions of the pure pig¬ 
ment in amyl alcohol—also containing a small quantity of acid to pre¬ 
vent isomerisation. As the anthocyan pigments are not very soluble 
either in aqueous acid or in amyl alcohol, it is necessary to work 
with dilute solutions so that both layers shall remain unsaturated. 

By these means Willstatter and Zollinger have obtained the fol¬ 
lowing values:— 


Pigment. 

Type. 

Distribution Number 
(Mean). 

Malvin chloride 

Diglucoside. 

i*6 

Cyanin „ 

» . 

1*8 

Salvinin ,, 

i« . . . . . 

ca. 1—a 

Keracyanin „ 

Rhamno-glucoside .... 

6-8 

Prunicyamn „ 

>1 n .... 

Mono-glucoside .... 

97 

Ampelopsin „ 

g-8 

Oenin „ 

» M .... 

!0*4 

Myrtillin ,, 

1* H • • • ■ 

? Complex anhydro-di-glucoBide 

lO’S 

Salvianin „ 

ca. 50 

Salvin „ 

? Anhydro-diglucoside 

57 

Cyanidin „ 

Non-glucoside ‘‘. 

100*0 

Oenidin „ 

i» 11 ..... 

IOO'O 


At one time it appeared as if diglucoside anthocyans had a 
number ca. 1—2, the monoglucosides ca. 10—u, and the non- 
glucosides 100, but the above table shows that this does not 
hold good now that further pigments have been investigated. 

The discovery by Willstatter and Zollinger that certain digluco¬ 
side anthocyans have distribution numbers of the same order as 
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those of the monoglucosides, prevents the M use <}f this test in 
the direction in which they were developing it—vis. to characterise 
the three types of anthocyan pigments: non-glucosides, mono-, and 
disaccharides. Indeed, except in such cases where it is known 
that disaccharide pigments which have numbers similar to those of 
the monosaccharides are absent, it remains much in the position where 
WillstStter and Everest left it; i.e. that sugar-containing pigments 
either do not pass to the amyl alcohol layer, or, if they do so to some 
extent, they may be completely removed again by frequent shaking 
with fresh aqueous acid, whereas the sugar-free pigments pass quan¬ 
titatively to the alcoholic layer and cannot be removed from it by 
such treatment. 

With this method there are a few peculiarities that concern the 
sugars attached to the pigments, and which appear to show that 
these are of considerable importance in deciding the distribution 
number of these pigments. 

Comparison of the values given in the table above, for disac¬ 
charide pigments, and of the products of their hydrolysis, shows 
that those which are rhamno-glucosides yield numbers that approxi¬ 
mate to those of the monosaccharides. 

Another very interesting case is that met with in the colouring 
matters of the salvia (scarlet). Here the flower pigment “ Salvianin ” 
appears to be rather more complex than most anthocyans (in this 
it resembles delphinin) in that on hydrolysis it yields pelargonidin, 
2 molecules of glucose, and also malonic acid (proportion not yet 
determined), but by partial hydrolysis a compound "Salvin ” is ob¬ 
tainable which appears to have the formula C 2 -H m O js , i.e. that of 
a pelargonidin diglucoside less 2 molecules of water, whilst a third 
pigment "Salvinin”—a true diglucoside of pelargonidin —is also 
obtained by partial hydrolysis of the original salvianin. Now, whilst 
salvinin, which is isomeric with pelargonin, behaves as a normal di- 
saccharide anthocyan, i.e. gives a low distribution number, both sal¬ 
vianin—the original flower pigment—and salvin give extraordinarily 
high numbers, the former well over fifty, the latter almost exactly 
fifty. Willstatter ascribes these abnormal numbers to the diminution 
in the number of OH groups present in the sugar molecules attached 
to the pigment as is indicated by analysis, and by peculiarities 
observed during the carrying out of quantitative hydrolyses of these 
pigments. 

By means of the test described above it has been shown that 
m altnost every case investigated the anthocyan pigments are present 
in plants solely as glucosides; in a few Instances, however, sugar-free 
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pigments appear to be present to a small extent also. Thus in black 
grapes (North Italian or hot-house grown) Willstatter and Zollinger 
(Annalen, 1916,412, 206) found that the sugar-free pigment, otnidm, 
was present, but to the extent only of a few per cent, of the total 
pigment. In this respect a very interesting exception was met with 
by them in specimens of “Black Alicante” grapes, which were 
gathered at the Kgl. Gartner-lehranstalt, Berlin-Dahlem, towards the 
end of November, and which had light brown-violet berries; in 
these they found (by colorimetric estimation) as much as is per 
cast, of the colour present as the non-glucoside pigment. 

In 1914 Miss Wheldale (Biochem. Jour., 1914, 8, 204) published 
further work from which she concluded that the fact that she failed to 
obtain a crystalline pigment, and that her product had no melting- 
point, was evidence of the high molecular weights of the anthocyan 
pigments. By comparison with the case of cyanidin chloride, the 
melting-point evidence collapses at once, and it appears as though 
the non-crystalline condition of her pigment was either due to the 
presence of a small quantity of impurity, or that she did not ascer¬ 
tain the conditions for its necessary crystallisation. 

That luteolin and morin give red pigments on reduction in acid 
alcoholic solution by means of sodium amalgam has been known for 
many years (cf. Riipe, “ Die Chemie der natiirlichen Farbstoffe," 
vol. i., pp. 77 and 85). Watson and Sen (Chem. Soc. Trans., 1914, 
389) obtained a red pigment from quercetin in like manner, whilst 
R. Combes (Comptes rend., 1913, 1002) produced a red pigment, 
identical with that which he had obtained from the red leaves of 
Ampelopsis hederacea, by reducing in the same way the yellow pig¬ 
ment obtained from the green leaves of the same plant. A further 
paper of Combes (Comptes rend., 2913, 1454) described the reverse 
change, viz. from red to yellow by means of oxidation with hydrogen 
peroxide. In each case he obtained crystalline compounds and 
compared their melting-points; he did not, however, give analyses, 
nor state whether he worked with glucosides or not. 

That a series of red pigments whose properties coincide in every 
way with those of the anthocyanidins may be produced by reduction 
of the flavonol derivatives by various methods, the best of which 
appears to be treatment of the pigment dissolved in a mixture of fiye 
volumes absolute alcohol and one volume concentrated hydrochloric 
add, with magnesium, has been confirmed by Everest (Proc. Roy. 
Soc., 1914, B., 87, 444), who, moreover, in the same paper de¬ 
scribed the production, by the same means, of anthocyanins from the 
glucoside flavonol derivatives present in various flowers, thus showing 
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the direct formation of red glucoside pigments from the yellow fla- 
vonol glucosides without intermediate hydrolysis. This important 
observation makes the hypothesis of Miss Wheldale and others, in 
.which hydrolysis of the flavonol glucoside is an essential factor, 
unnecessary, and moreover shows that reduction, not oxidation, is 
necessary for the passage from flavonol to anthocyan. 

The results obtained, coupled with those of Willstatter and 
Everest in their investigation of the corn-flower pigment, led Everest 
to suggest a scheme to represent the passage from a typical flavonol 
to the corresponding anthocyan, and to put forward a structural 
formula for the anthoeyans (sec below). The correctness of these 
has been confirmed by the more recent work upon the natural pig¬ 
ments carried out by Willstatter and his collaborators. 


Structure and Relationship to the Flavonols. 


The first attempt to ascribe structural formulae to the anthoeyans 
was made by Nierenstein and Wheldale (Ber., 1911, 44, 3487), who, 
to produce chemical evidence in favour of Wheldale's theory of the 
formation of anthoeyans from yellow sap pigments—flavone deriva¬ 
tives—prepared an oxidation product of quercetin. Subsequently 
Nierenstein (Ber., 1912, 45, 499) obtained a product in like manner 
from chrysin. They described these substances as anthocyan-like, 
though they stated that further investigation would be required to 
show whether they had really produced a true anthocyan. They 
represented the product obtained from quercetin (called querceton) 
by the formula (1), that from chrysin [chryson) by (2). In this con¬ 
nection cf. gossypeton (A. G. Perkin, Chem. Soc. Trans., 1913, 658). 
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Investigations have since shown that these substances are not 
similar, either in properties or structure, to any of the anthoeyans 
that have been investigated. 

In 1914 (Proc. Royal Soc., 1914, B., 87, 449) the structural 
formula now generally accepted for the anthoeyans was suggested 
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by Everest, who moreover cleared away some of the misconceptions 
that had been produced by botanical workers, and pointed out the 
relationship that exists between the yellow flavonol sap pigments 
and the anthocyans). He formulated a typical anthocyan 
thus 


Cl OH 



and considered the following scheme to represent the passage from 
a flavonol pigment (1) to one of the anthocyan series (3):— 
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( 3 ) Typical anthocyan. 


Concurrently with Everest’s investigations Willstatter was pro¬ 
ceeding with the examination of these natural pigments, and as a 
result eventually to the same conclusions regarding their structure 
as Everest. Willstatter was unable to obtain from the examina¬ 
tion of these natural products any distinction between the two 
following structures which seemed possible from the evidence he 
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had obtained by means of analyses and of their decomposition with 
alkalis, viz. 


Cl OH 

'/ 0 \ 


-OH 

I I I! 

C-OH 
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JH 


H 


Cl 



Willstatter was, however, able to show that pelargonidin, cyanidin, 
and delphinidin, three pigments of this series, were oxonium salts of 
the bases C l4 H 10 O r „ C 15 H u O # , and C 15 H„ 0 7 , and that by heating 
with concentrated caustic potash they all yielded phloroglucinol, 
and in addition to this, gave respectively /-oxybenzoic acid, proto- 
catechuic acid, and gallic acid. In each case one OH group 
present in the anthocyan is unaccounted for by these'decomposition 
products. 

When this evidence is compared with the result of the alkali 
decomposition of the flavonol pigments kaempferol (i), quercetin 
(a), and myricetin (3), all of which yield phloroglucinol together 
with /-oxybenzoic acid, protocateehuic acid and gallic acid re¬ 
spectively— 
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and notice is taken of the fact that in each of these cases there is 
unaccounted for one OH group during decomposition, the evidence 
in favour of one or other of the following formulae for pelargonidin 
chloride, though very strong, does not enable a decision to be made 
between them— 
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Willstatter was of the opinion that if the first formula was 
correct, then anthocyans should be formed by acid reduction of 
flavonols, and that the scheme put forward by Everest should repre¬ 
sent this change. The first attempt of Willstatter and Mallison to 
carry out a synthetic preparation in this way led them, however, to 
the conclusion (Sitzber. d. Kgl. Preuss, Akad. d. Wiss., 1914, 401) 
that the red products obtained by Everest were not anthocyans. 
Further work (Everest, Proc. Roy. Soc., 1914, B., 88, 326; Willstatter 
and Mallison, Sitzber. d. Kgl. Preuss. Akad. d. Wiss., 1914, 769), 
carried out with a view to explaining the discrepancies thus arising, 
showed that under the conditions used by Everest anthocyans were 
really produced. Willstatter and Mallison prepared pure cyanidin 
chloride from quercetin, and proved it to be identical with the natural 
pigment, and as quercetin had previously been synthetically prepared 
by v. Kostanecki (Ber., 1904, 37, 1402), < it completed the first syn¬ 
thetic production of an anthocyan pigment. On the other hand, 
it would appear that in their previous attempts Willstatter and 
Mallison hod worked at much lower temperatures, under Which 
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conditions the reaction proceeds differently, producing an unstable 
red compound to which they give the name allocyanidin, and ascribe 
the formula (a). They represent its production from quercetin 
(i) thus:— 


OH 




Even at higher temperatures the change is said to proceed to some 
extent in this way, which, it will be noticed, assumes the opening of 
the pyrone ring during the reduction process. 

The structural formula: thus established- for the anthocyans is 
further confirmed by the work of YVillstatter and Zechmeister (Sitzber. 
d. Kgl. Preuss. Akad. d. Wiss., 1914,886), whereby pelargonidin —the 
anthocyan of the scarlet pelargonium zonale —has been synthesised by 
means of quite a different series of reactions. They started out from 
tri-methoxy-coumarin (r), and by reacting upon this with Grignard’s 
reagent (magnesium-anisyl-bromide) and treatment of the product 
with hydrochloric acid, obtained a tetramethyl-ether, which on con¬ 
version to the free phenolic compound yielded an oxonium salt that 
proved to be identical with pelargonidin chloride, this being proved 
by means of analysis, solubilities, qualitative reactions, crystalline 
form, and absorption spectra. The stages of this synthesis may be 
represented thus:— 
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The further work of Willstatter and his collaborators on the 
natural pigments has very rapidly extended our knowledge of this 
series, and as a result, the constitution of quite a number of the 
members of this group is now clear. It is very interesting to notice 
that as yet no anthocyan corresponding to the naturally occurring 
Savones has been described, all those as yet investigated being 
derivatives of flavonol, and moreover that the anthocyanidins pilar- 
gonidin (*), cyaniiin (3), and dclphiniiin (4)— 
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(*) 


( 3 ) 


(4) 


form the basis of all the other pigments of the series so far investi¬ 
gated. Sometimes difference in the position of attachment of the 
sugar residue, in other cases different sugars, give rise to different 
anthocyanins from the same sugar-free anthocyanidin, whilst methy- 
lation of one or other of the OH groups, or of more than one such 
group, produces new sugar-free pigments, which, like the parent 
substances, occur in a variety of different glucosides (anthocyanins). 

That yellow sap pigments occur in flowers which contain antho- 
cyans has been mentioned above, and this has given rise to a fairly 
general feeling among investigators that the latter are derived in 
nature from flavonol derivatives which are first produced by the 
plants, and not by direct synthesis. This view has received a certain 
.amount of additional support from the chemical evidence obtained 
in a recent investigation by Everest (Proc. Royal Soc., 1918, B.), 
who isolated violanin— a delphinidin glucoside—from the Bowers of 
purple-black violas, and showed that, unless gossypetin was present, 
the petals also contained a gmcoside of the flavonol derivative 
myricetin, which latter (myricetin) can yield delphinidin by re¬ 
duction. 
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- Tinctorial Properties. 

Though there are but few data available concerning the tinctorial 
properties of the anthocyan pigments, there can be little doubt that 
they are capable of acting as mordant colours, and it is interesting to 
find that, more than fifty years ago, the pigment of the black hollyhock 
was used in Germany—particularly in Bavaria—both for dyeing and 
printing. It is stated that the Bavarian Government encouraged the 
investigation of the chemical nature of this colouring matter, and 
that the work of Buchner, Eisner, and Kopp was the result (Bull, 
de la Soc. d’encouragement, i860, 332; Polyt. Zentr., 1860, 1540). 
It was observed that an aqueous extract of the black flowers dyed 
cotton mordanted with iron blue-black shades; the same material 
mordanted with alum gave violet-blue, whilst with a tin mordant a 
blue-violet colour resulted. According to Kopp, these colours were 
more fast to light and air than the colours produced from logwood, but 
they gradually lose their intensity with age, and are not fast to soap. 
Recent work has shown that though the natural pigments of this 
series which are capable of giving dyeings are fast to light, they are 
all very fugitive to reagents (Willstatter and Mallison, Annalen, 1915, 
408, 29), 

The colours are taken up well by the fibre, it being stated that— 
excepting in the case of pelargonidin—the bath is exhausted even at 
low temperatures. The colours are strong—even | per cent, dyeings 
being satisfactory—and the tones good though somewhat dull. The 
best dyeings are given with tin mordant on wool, or on tannined 
cotton, though in some cases the colours are taken up direct by 
unmordanted wool. 

In regard to their dyeing properties the glucosides of the series 
react very similarly to the sugar-free pigments, and in this Willstatter 
and Mallison see evidence that the sugar groupings are not attached 
to theOH groups of the hydroxy-phenyl ring. 

The dyeing properties of some of these pigments are collected 
together in the table on the next page. 

For comparative purposes a bath was made up thus: o'ooaj gr. 
of the pigment was dissolved in a mixture of 10 c.c. alcohol and 
40 c.c. water, the solution being made acid with 5 drops of 10 per 
cent, sulphuric acid (acetic acid is not used as it is not capable of 
preventing isomerisation—with formation of the pseudo base—nor ' 
the hydrolytic dissociation of the colour salt). To this bath t gr. Of 
wool, or cotton, is added and left therein for one hour 1 at a tempera¬ 
ture of about 25° C, 
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Structure. 
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The dyeings thus produced are fast to light, but not to soap or 
Water. Heating with water causes decoloration, doubtless due to 
isomerisation with formation of the pseudo base, as is the case with 
dilute aqueous solutions of these pigments. Treatment of the dye- 
mp with ammonia causes them to become blue, whereas . 

acids change them to red. 

From the above data it will be observed that passing from pelar- 
gotudin -* cyanidin -* delphinidin, i.e. by the substitution of addi- 
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tional OB groups in the hydroxy-phenyl residue, the colour of die 
dyeings becomes bluer. 

to order to appreciate the alteration in shade produced as the 
result of the structural change in the molecule on passing from 
flavonol to anthocyan, the following table is introduced:— 


Flavonol * 

j On Wool (Tin). 

Anthocyan.) 

On Wool (Tin). 

Kaempferot . 

. Lemon-yellow. 

Pelargonidin . 

Purple-red, 

Quercetin 

. Strong orange. 

Cyanidin 

Violet. 

Myricetin 

. Strong orange-red. 

Delphinidin . 

Blue violet. 


It should further be noted that the great increase of the basicity 
of the oxygen atom of the pyrone ring that occurs in passing from 
flavonol to anthocyan is presumably the cause of the latter having 
the power of dyeing on tannin as well as on basic mordants. 

The tinctorial properties of certain substitution products of the 
anthocyans have been studied by Watson (Chem. Soc. Trans., 1915, 
1477). He prepared a series of compounds—by the interaction of 
Grignard reagents with flavonol derivatives—in which the H atom in 
the 4 position of the pyran ring is replaced by a variety of groups. 
The majority of his products are derivatives of cyanidin—obtained 
from quercetin—and the variation in the shade and properties of the 
dyeings produced by change in composition in this series of com¬ 
pounds is of considerable interest. In the table on the next page 
the most important points in this connection are brought together 
for comparison. The shades are those given on wool with various 
mordants. 

A point of interest lies in the effect of methylation on the dye¬ 
ing properties of these colours. It has been mentioned above, 
that as those anthocyanins of which the tinctorial properties were 
examined behaved similarly to the sugar-free pigments, WIB- 
statter and Mallison concluded that the sugar groups in these com¬ 
pounds are not attached to the hydroxy-phenyl nucleus. Again, it 
should be possible, in certain cases, to deduce the position of- 
the methyl groups by the effect of methylation on the tinctorial 

* A. G. Perkin, Chem. Soc. Trans., rgoa, 589. 

+ Wllbtltter and Malliaon, ter. r it. 
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properties, and Watson refers to this in the case of two products 
obtained by him, and included in the above table. The great 
difference, both in shade and fastness to reagents, observed be¬ 
tween the trimethyl ether prepared direct from quercetin-trimethyl 
ether by means of magnesium-ethyl iodide, and the triethyl ether ob¬ 
tained by partial de-ethylation (with aluminium chloride or sulphuric 
acid) of the product of the reaction of magnesium-ethyl iodide on 
quercetin-penta-ethyl ether is very interesting, and cannot be con¬ 
sidered as being due to mere replacement of methyl by ethyl. It 
appears necessary, as Watson points out, to assume that it is caused 
by the attachment of alkyl to different OH groups in these two com¬ 
pounds (nos. 4 and 5 in above table). 

In the natural anthocyan pigments methylation causes the shade 
of the dyeings on wool (tin mordant) to be shifted towards the red; 
thus Willstatter and Mallison record that delphinidin gives blue (with 
violet tinge), whilst its monomethyl ether (myrtillidin) gives violet- 
blue, and its dimethyl ether (oenidin) a blue-violet colour. Further, 
they state that these methyl derivatives have weaker dyeing properties 
than the free delphinidin, and, moreover, that in these cases the dye- 
bath is not exhausted. This latter effect is also noticed in the case 
of pelargonidin where there is only one OH group in the hydroxy- 
phenyl residue. 

Everest has pointed out [loc. cit.) that as flavone derivatives (as 
distinct from fiavonols) are fairly widely distributed in the plant world, 
and that fiavonols also occur in which the OH groups in the oxy- 
phenyl nucleus are in the meta-position to one another, e.g. morin, 
and that as these, on acid reduction, yield red pigments resembling 
known anthocyans, it is probable that further investigation may lead 
to the isolation of natural anthocyans related to them in the same 
way that the known pigments of the series are to quercetin, etc. 
Up to the present no such bodies have been discovered, but, on the 
other hand, Watson has prepared [lot. cit.) a small number of pro¬ 
ducts that are related to them in just the same way as his other 
compounds are related to the known anthocyans. His starting- 
points were morin, luteolin, and apigenin, from which, by the use 
of methyl- or ethyl-magnesium iodide, he obtained compounds re¬ 
presented by the formulae (1), (3), and (3) respectively. The re¬ 
sults of his examination of their dyeing properties are recorded beside 
their formulae, and those of the corresponding derivative of cyanidin 
(4) added for comparison. 




The use of anthocyanm pigments as indicators has been suggested 
by various authors, e.g. Watson (Amer. J. Pharm., 1913, 85, 246), 
extract of blueberry pigment; Walbum (Biochem. Zeit., 1913, 48, 
291), red cabbage pigment; but it should be noted that the colour 
change of many of these pigments, e.g. cyanin, is very seriously 
affected by neutral salts if present in any considerable quantity. 


The Natural Pigments. 

As previously noted, it is an interesting fact that but very fear 
fundamental compounds form the basis of the comparatively large 
number of anthocyan pigments that have now been examined. 
Thus far, all the known colouring matters of this series are 
derived from pelargonidin, cyanidin, or delphinidin, though from 
» 6 * 




the mostrecentinvestigations there Appears reason to hope that 
pigments of different origin may be isolated as the result of further 
work. 

‘ It is a curious coincidence that, before the investigation by Will- 
statter and Everest of cyanin and cyanidin was completed, it had 
been decided by them, as the result of preliminary experiments 
■carried out in connection with the corn-flower work, that the pig¬ 
ments of the scarlet pelargonium and the wild larkspur (Delphinium 
tonsolida, L.) should be examined next Work had indeed been 
commenced on them, and thus the three above-mentioned funda¬ 
mental pigments were the first to be investigated by Willstatter and 
his collaborators, to whom we owe most of our present knowledge 
of these colouring matters. 

The experimental difficulties to be overcome in the investigation 
of these pigments were very great until Willstatter and Everest, in 
their work on the corn-flower pigment, made clear the essential 
conditions, and further, introduced a rapid test that would distinguish 
glucoside from non-glucoside pigments. 

All the anthocyan colouring matters occur in plants in the form 
of glucosides, for the available evidence points to their being in 
nearly every case entirely in that condition. But a few instances 
have been definitely established in which a small percentage of 
sugar-free pigment accompanies the glucoside, and in only one ex¬ 
ceptional case a considerable proportion of the total colour present 
was non-glucosidal. 

The pigments, at present examined, occur in nature as mono- 
or diglucosides, and the sugars that have been obtained by their 
hydrolysis are glucose, galactose, and rhamnose; by far the largest 
portion of the pigments being in combination with glucose only, a 
smaller number are rhamno-glucosides, whereas, as yet, galactose 
has only been isolated from one colouring matter of the series. 

There are two very interesting abnormal cases of pigments 
(delphinin and salvianin) in which the natural colouring matter is 
not merely a complex containing the anthocyanidin combined with 
the sugar residues, but also with acid components. Thus del- 
phinin, on hydrolysis, yields delphinidin, glucose, and /-oxy benzoic 
acid, whereas the pigment salvianin gives pelargonidin, glucose, 
and malooic acid. There is a further point of interest attached 
tp the latter pigment, in that it does not appear to have the two 
molecules of glucose that it contains present as such, but in a derived 
form of the composition CjH 10 O fc which is transformed into glucose 
on hydrolysis. 
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The three fundamental compounds forming the base of all the 
anthocyanins to be described below differ from one another only in 
the number of OH groups present in the molecule. 

Pelargonidin, cyanidin, and delphinidin have been shown to have 
the structures represented by the formulae (i), (2), and (3) respec¬ 
tively :— 



( 3 ) 

and hence are 

3:5:7: trihydroxy-2-p-hydroxyphenyl-i: 4 : benzopyranol anhydro- 
chloride, 

3:5:7: trihydroxy - 2 : mp - dihydroxyphenyl -1:4- benzopyranol 
anhydrochloride, and 

3:5: 7 : trihydroxy - 2 : mmp - trihydroxyphenyl-i: 4 - benzopyranol 
anhydrochloride. 

Pelargonidin and its Derivatives. 

Pelargonidin occurs in the form of glucosides in various flowers. 
It was first isolated from the scarlet Pelargonium zonale (Meteor) 
—hence its name; more recently also from the purple-red summer 
aster ( Callistephvs chinensis, Nees, syn. Aster chinensis, L.), the 
scarlet salvia (Salvia coainea, L., and Salvia sflendens, Sello.), and 
the rose-coloured corn-flower; whilst Willstatter and Bolton (Annalen, 
1916, 41a, 136), as the result of qualitative tests, conclude that the 
scarlet-red gladiolas also owe their colour to a pelargonidin deriva- 
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tive, and that traces are present in other gladioli's and in Zinnia tit- 
gant (Jacq.)j of which the chief pigments are derivatives of cyanidin. 
Pelargonidin has also been prepared synthetically by Willstatter and 
Zechmeister, by the demethylation of the product obtained by the 
reaction of anisyl magnesium bromide on 3:5:7: triraethox-cou- 
marin (Sitzber, d. K. Preuss. Akad. d. Wiss., 1914, 886). 

Pelargonidin forms a crystalline chloride which has the composi¬ 
tion CjjH u O s C 1 , and the structure— 


Cl 



This yields a hydrate QjHnOjCl, H 2 0 , which does not lose its water 
of crystallisation on drying in air, vacuum exiccator, or even in high 
vacuum at 50° C., but does so completely in high vacuum at 105° C. 
By treatment with hot water, preferably in presence of a trace of 
sodium bicarbonate, the chloride yields a pseudo-base which crys¬ 
tallises in colourless four-sided prisms; this product when dry has 
the composition C, s H la O„. 

Pelargonidin chloride is readily prepared from any of its natur¬ 
ally occurring glueosides by hydrolysis with hydrochloric acid. This 
change takes place slowly in the cold if concentrated acid is U6ed, 
but for the preparation of pelargonidin the glucoside is preferably 
boiled for three minutes with 20 per cent, hydrochloric acid ('2 gr. 
glucoside with 15 c.c. acid), the resulting product cooled to 65° C. 
(if further cooled the substance is contaminated by a by-product 
mentioned below), the crystalline chloride filtered off, washed with 
cold 20 per cent, hydrochloric acid and dried. 

In this process it has been observed that whilst the pelargonidin 
chloride separates in brown-yellow leaflets, there is always some 
5 per cent, of another product present in the reaction mixture, and 
this separates in needles. This product closely resembles pelar¬ 
gonidin, both in properties and composition, and can be prepared 
from it by the action of concentrated hydrochloric acid, but the re¬ 
verse change has not yet been accomplished. It follows from this 
that long boiling in the preparation of pelargonidin from its gluco- 
sides is disadvantageous. 
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Pelargonidin chloride crystallises in three forms which are de¬ 
scribed by Willstatter and Bolton (Annalen, 1915, 408, 42) thus;— 

(i) Long, not quite rectangular, red tablets—somewhat ram¬ 

bling crystals of xanthophyll. 

(ii) Short red-brown, usually straight cut, four-sided prisms. 

These separate from hot dilute acid. 

(iii) Sharply formed swallow-tail twin crystals, in form resembling 

carotin, but yellow-brown by transmitted light when viewed 
under the microscope. These are obtained by precipita¬ 
tion with concentrated hydrochloric acid. 

Pelargonidin chloride is much more soluble in acids than is the 
cyanidin salt, being described as difficultly soluble in cold dilute 
hydrochloric or sulphuric acid, though fairly easily soluble when the 
acids are warm, forming solutions which are orange-red; from the 
solution in sulphuric acid the sulphate crystallises in needles on 
cooling. In methyl or ethyl alcohol the chloride is very easily 
soluble, yielding solutions that have a violet tinge, but show no 
fluorescence (cf. pelargonin); these solutions are not precipitated by 
the addition of water (cf. cyanidin). An aqueous acid solution of 
the chloride when shaken with amyl alcohol gives up all the pigment 
to the alcoholic layer, and if the red alcoholic solution thus produced 
is shaken with an aqueous solution of an alkali acetate it becomes 
violet, whereas if shaken with aqueous sodium carbonate, the colour 
turns to a fine pure blue and passes completely to the aqueous 
layer. These changes are the same as those observed with cyanidin 
chloride. 

With reagents, the following are the most important reactions. 
Lead acetate, when added to an alcoholic solution, produces a blue 
precipitate; ferric chloride to an aqueous solution gives no charac¬ 
teristic coloration, and to an alcoholic solution only a brown-red tint 
(difference from cyanidin); Fehling’s solution is noticeably reduced if 
warm. 

When heated in a melting-point tube, pelargonidin chloride 
becomes darker, but does not melt below 350° C. 

The chloride dissolves in water without separation of violet flocks 
* (ct cyanidin), forming a red solution which on warming.(in the cold, 
if very dilute) becomes colourless as a result of the formation of die 
pseudo-base; if warmed with acids the colour is regained. The 
- distribution number with respect to amyl alcohol is normal for a 
non-glucoside anthocyan - 100. 

Willstatter and Bolton (lx. tit.) state that the absorption spectrum 
of this salt consists of two bands, one covering the spectrum from 
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yellow to blue, and another in the violet; both have edges that 
-are badly defined. Thus far the presence of a band in the violet 
has not heen observed in any other anthocyan, but they propose 
to reinvestigate this point photographically. Measurements given 
are:— 


Thickness of lolution : 2-5 mm. 5 mm. 10 mm. 

Band I. . . 579...569 -491. , 4S3 588.. 576— 471 . 586.. 583- 

Band II. . 448.. 442 448— — 

The action of caustic potash upon pelargouidin chloride has 
been studied, and it has been found that whilst 60 per cent. KOH, 
even at temperatures not above ioo° C., yielded the phenolic de¬ 
composition product—phloroglucino!—it required much more con¬ 
centrated caustic potash and higher temperatures to allow of the 
isolation of the acid decomposition product (/-hydroxy-benzoic acid). 
Thus o'5 gr, of pelargonidin chloride were heated with 10 gr. 
KOH and 3 gr. water to 220° C., for two to three minutes; the 
product, after acidification, was extracted with ether and the ethereal 
extract shaken with sodium bicarbonate which leaves phloroglucinol 
in the ether from which it was isolated and identified; the aqueous 
layer yielded /-hydroxy-benzoic acid and a trace of protocatechuic 
acid. This production of protocatechuic acid resembles its formation 
from apigenin (Perkin, Chem. Soc. Trans., 1897, 805). 

The if/ Base , C 15 H 12 0 B .—When pelargonidin chloride is heated 
with water (0-5 gr. with 600 c.c.) a pseudo-base is formed. The 
chloride dissolves, then the solution becomes decolorised — the 
addition of a small quantity of bicarbonate of soda (0-13 gr.) 
facilitates complete decolorisation—and the base can be obtained 
from this solution by the addition of salt followed by the extraction 
of the product with ether. It is finally recrystallised from water at 
50° C., and in this way the base separates in the form of four-sided 
prisms. 

The base is very easily soluble in alcohol, ether, or hot water, 
less soluble in cold water, and insoluble in benzol. If a cold aqueous 
solution be acidified with hydrochloric acid it slowly deposits crystals 
of the chloride ; if the solution is hot, the chloride is very rapidly 
fbnped. The base gives a bright yellow coloration on addition of 
sodium carbonate. No definite melting-point can be observed when 
the pure substance is heated, the crystals turn red, then very gradu¬ 
ally soften till a dark violet oil is produced; melting not taking placp 
below 350” C. 
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Derivatives of Pelargonium, 
i. Monosaccharides.. 

Callistephin .—Callistephin is one of the two pigments isolated by 
Willstatter and Burdick (Annalen, 1916, 412, 149) from the flowers 
of purple-red asters (Ca/listephus chinensis , Nees, syn. Aster chinensis, 
L.), in which it occurs together with a larger quantity of asterin, a 
monoglucoside of cyanidin. 1’he petals contain about 7'4 per cent, 
of their dry weight of the mixed pigments. 

Of the several methods used for the isolation of the mixed pig¬ 
ment (asterin and callistephin) from the flowers, it appears that the 
use of their lead salts produces the best results. Their value for this 
purpose was due to the discover)' that glacial acetic acid dissolved 
the lead salts of the colouring matters but not those of the colourless 
impurities that accompanied them, and further, that by decomposi¬ 
tion of the lead salts by propylalcoholic hydrochloric acid the colour¬ 
less impurities remained insoluble whilst the alcohol retained the pig¬ 
ments in solution. Willstatter and Burdick used glacial acetic acid 
for the extraction of fresh or dried petals, but state that for the latter 
it is not so satisfactory, methyl alcohol containing a small percentage 
of hydrochloric acid being the best solvent. They proceeded in the 
following manner. The glacial acetic acid extract (8-9 lit. from 3 2 
kg. petals) was precipitated, without addition of hydrochloric acid, 
by twice its volume of ether, and the product (65 gr. syrup, to per 
cent, pure) dissolved ino'ot percent. HC 1 (600 c.c.), filtered from 
insoluble residue, and the filtrate treated with a solution of lead 
acetate (12 gr. in 50 c.c. water) which completely precipitated the 
colouring matter. The product was collected, washed with o’oi per 
cent. HC 1 , and treated whilst moist with glacial acetic acid (600 c.c.), 
filtered, and the filtrate diluted with twice its volume of ether, whereby 
the lead salts of the pigments were precipitated (147 gr.). When 
the product thus obtained was decomposed by treatment with propyl- 
alcohol (200 c.c.) containing 25 per cent, methyl alcoholic hydro¬ 
chloric acid (20 c.c.), filtered, and the filtrate precipitated by addition 
of ether (600 c.c.), the anthocyan mixture was obtained 70 per cent, 
pure (6-5 gr.). On repetition of the process the chloride was obtained 
85 per cent, pure (4 gr.), in which condition it was pure enough to 
yield a crystalline picrate, or for the purpose of separating calliste¬ 
phin from asterin. The product obtained as above was fractionated 
by solution in a mixture of methyl or ethyl alcohol and aqueous hydro¬ 
chloric acid, allowing the alcohol to evaporate off slowly. From the 
earlier crops precipitated pure asterin was obtained, whereas from the 
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mother liquors callistephin ms isolated by addition of alcohol, then 
ether, or if sufficient alcohol was already present, by ether only, The 
precipitate produced was recrystallised from a mixture of alcohol and 
aqueous hydrochloric acid from which it separated in fine orange-red 
needles. 

Callistephinchloride , C.^H^OmCl, crystallises in hair-fine, orange- 
red needles which in bulk form a bronze-coloured mass; they con¬ 
tain a—2^ molecules of water of crystallisation, and are hence of the 
same composition as crystalline pelargonenin chloride. 

It is easily soluble in water, giving a yellowish-red solution which 
on dilution becomes tinged with violet and slowly decolorises owing 
to pseudo-base formation. In cold or hot alcohol it is easily soluble, 
the solution being yellow-red, but showing no fluorescence; it gives 
a red solution in amyl alcohol. The salt is characterised by great 
solubility in aqueous acid, being very easily soluble in hydrochloric acid 
up to 7 per cent, and fairly so in io per cent.—solutions in higher 
per cent HC 1 gelatinise on standing—and is easily soluble in ^ per 
cent, sulphuric acid. 

Ferric chloride gives no colour reaction with callistephin chloride; 
with sodium carbonate, or caustic soda, an acid solution of the salt 
passes to red-violet or violet-red. 

The distribution number of callistephin resembles that for other 
normal monoglucoside anthocyans, and hydrolysis of callistephin 
chloride yields/f largonidin chloride (r mol.) and glucose (i mol.). 

Pelargonenin .—Pelargonenin results from the careful partial 
hydrolysis of pelargonin (Willstatter and Holton, Annalen, 1916, 412, 
133), and has not as yet been discovered to occur naturally. 7 gr. 
pelargonin chloride are dissolved in cold concentrated hydrochloric 
acid (250 c.c.), filtered through glass wool and the solution allowed 
to stand. The separation of scarlet-red flakes soon commences, and 
after eighteen hours these are filtered off ( ca. 1 '6 gr.); the filtrate 
after the addition of further acid (100 c.c.) is left for three days, by 
which time some further (2 gr.) brown-red product has separated, 
which, however, has to be purified from pelargonidin; the residual 
liquor contains pelargonidin. The crude product is best purified by 
dissolving in 0-05 per cent. HC 1 (rj gr. in 150 c.c.), shaking twice 
with amylalcohol (too c.c. and 75 c.c. respectively)—this must be 
done rapidly to prevent precipitation of the pigment from the aqueous 
solution; after extraction and separation the amount of acid is in¬ 
creased to 2 per cent. HC 1 when the pigment separates in flakes. 
The product thus obtained is recrystallised from warm 2 per cent 
HC 1 , when it ia deposited in the form of fine scarlet-red needles. 
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Pelargonenin chloride thus prepared has the composition 
CjiHjiOioCl. zH s O (? a-JHjO), loses r molecule of water on drying 
in vacuum desiccator, and the remainder in high vacuum, yielding 
the anhydrous salt C 31 H 2 iO h C 1 . On hydrolysis each molecule of 
pelargonenin chloride yields i molecule of pelargonidin chloride 
and i molecule of glucose. 

The salt is very difficultly soluble in cold water, dilute hydro¬ 
chloric acid, or dilute sulphuric acid, but is more soluble in warm 
acids; its solutions in aqueous hydrochloric acid are yellower than 
corresponding solutions of pelargonidin chloride, but less yellow than 
those of pelargonin chloride. It is easily soluble in methyl alcohol 
which contains hydrochloric acid, and fairly so in ethyl alcohol in 
presence of the same acid; such solutions are intermediate in colour 
between those of the chlorides of pelargonidin and pelargonin, but 
they show much stronger fluorescence than those of the latter. 

Of the reactions recorded the following may be mentioned. An 
acid solution on addition of sodium carbonate becomes violet, pass¬ 
ing then to violet-blue (pelargonidin gives blue), and the violet-blue 
is more stable than the blue given by pelargonidin; if the solution of 
pelargonenin be alcoholic, addition of alkali gives a pure blue colour. 
Lead acetate added to an alcoholic solution of the salt gives a blue 
precipitate. Picric acid slowly causes precipitation of a crystalline 
picrate (needles) when added to a solution just acid with hydrochloric 
acid; ferric chloride produces no colour reaction. 

The differences between callistephin chloride and pelargonenin 
chloride are well shown by the following data given by Willstatter and 
Burdick:— 



Callistephin Chloride. 

Pelargonenin Chloride. 

Crystalline form . 

Orange-red hair-fine 
needles. 

Scarlet-red needles. 

Solubility in H,0. 

Easily soluble. 

Slightly soluble. 

„ „ HCI. . 

Very easily soluble. 

Very difficultly soluble. 

Colour of acid solution 

Yellow-red in alcohol, 
no fluorescence. 

Yellow-red with bluish tint* 
strong fluorescence in 
alcohol. 

Reaction with aoda 

Red-violet—violet-red. 

Violet-blue. 
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Concerning the monoglucoside produced from salvinin {lot. (it.) 
in the same manner as pelargonenin is prepared from pelargonin, 
that is by partial hydrolysis, there is as yet but little known. 

* 2. Disaccharides, 

Pelargonin.— This pigment, named by Willstatter and Bolton 
(Annalen, 1915, 408, 42) after the pelargonium from which it was 
isolated by them, was the first anlhocyan to be obtained in a crystalline 
'condition (A. B, Griffiths, Chem. News, 1903, 249; Ber., 36, 3959). 
Griffiths suggested for it the formula C ls H IU O s , described a potas- 
. sium salt and an acetyl derivative, and gave data concerning absorp¬ 
tion spectrum and specific rotation, but his descriptions are very 
superficial, and in the light of more recent work these do not 
appear to be reliable. In 1905, H. Molisch (Bot. Ztg., 1905, 145) 
examined the pelargonium pigment from a botanical standpoint, and 
showed how readily this pigment could be obtained in a crystalline 
condition. A slightly modified form of his process forms a useful 
experiment for lecture demonstration. The work of Molisch caused 
Grafe to attempt the chemical investigation of the pelargonium pig¬ 
ment (Sitzber. d. K. K. A. Wiss., Wien, 1911, 765). He succeeded 
in obtaining the pigment in the crystalline condition by the use of 
glacial acetic acid as solvent, by preparation of the lead salt and 
liberating the free pigment from this, or by the dialysis of a solution 
of the pigment. Besides the crystalline product, he isolated a second 
substance which was amorphous in character, and employing 25 kg. 
of fresh petals he obtained 10 gr. of the crystalline pigment and 
15 gr. of the amorphous substance. Grafe described the crystalline 
compound as very unstable and deliquescent, proposed for it the 
formula C) 8 H M 0 13 , and considered that it was a tribasic acid having 
two hydroxy and two carbonyl groups within the molecule, and 
was a sugar-free compound. To the amorphous substance' he 

gave the formula Cj4H M 0 21) , and showed it to be a glucoside 
as he obtained glucose from it by hydrolysis; he does not appear 
to have examined the resulting sugar-free compound. Grafe sug¬ 
gested that the two pigments obtained by him were related to each 
other, and might be formed according to the following scheme: 
CmHmOm + H ,0 -» QHjj.Oj + (C J8 H m 0 16 ) (hypothetical product), 
then (C U H, 4 0 1S ) - 4H a O + 0 2 -* CijHjjOjj- Grafe described 
Various reactions and also the decomposition products resulting from 
melting the pigments with caustic potash, but his results have not been 
confirmed by later work. Willstatter and Bolton {loc. eit.), who have 
thoroughly investigated the pigment of the pelargonium, state, in 
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regard to Grafe’s results, that the anthocyan is quite a stable com¬ 
pound, gives no ferric chloride reaction, and with sodium carbonate 
yields a violet coloration. It contains neither carbonyl nor carboxyl 
groups, and does not yield protocatechuic acid nor catecol when 
decomposed by caustic potash. 

According to Willstatter and Bolton, pelargonin is the only pig¬ 
ment present in the scarlet Pelargonium zonale (Meteor), in the petals 
of which it occurs to the extent of 6'6 — j't per cent, of their dry 
weight. These authors also show that it occurs in other flowers— 
e.g. pink corn-flower, cactus dahlia (Annalen, 1915, 408, 149). 

For the preparation of the pure pigment, as chloride, Willstatter 
and Bolton extract the flowers either with glacial acetic acid or 
96 per cent, alcohol—the latter gives more complete extraction and a 
purer product, and was the solvent used by Griffiths. Using acetic 
acid they proceeded thus; 3 kg. fresh petals were allowed to stand 
some time in 4 litres of glacial acetic acid, filtered, and, as the extrac¬ 
tion was not complete even after long standing, the residue was 
re-extracted with a further 2 litres of acid and again filtered. The 
extracts were united and had a deep red colour and faint green 
fluorescence. To each 500 c.c. of the extract 50 c.c. of alcoholic 
hydrochloric acid (as low as 2 per cent. HC 1 may be used, but 
preferably, somewhat stronger, even to 20 per cent. HC 1 , as pre¬ 
cipitation is then better), then 1 litre of ether was added which 
caused the precipitation of the pigment, this being complete in a 
few hours. A further too—200 c.c. of ether added to the filtrate 
leaving to stand for a few days precipitated a further quantity 
of pigment. The major portion of the colouring matter was thus 
obtained, the first fraction being the purer; it was not found ad¬ 
vantageous to work up the further filtrates. 570 gr. petals yielded 
67 gr, of crude chloride (38-4 per cent, pure), i.e. 63 per cent, of the 
total pigment contained in the petals. 

By using in place of acetic acid 96 per cent, alcohol the pigment 
was much more completely extracted from the petals, so much so, 
that a re-extraction was deemed to be unnecessary, the residue from 
the first extraction being merely washed on the filter with fresh 
alcohol, and a purer crude product was subsequently obtained. 
The alcoholic extract—and the petals lying therein—became de¬ 
colorised after standing a few days, owing to pseudo-base forma¬ 
tion, but the change had no detrimental effect on the preparation 
as the addition of a little hydrochloric acid, even cold, reproduced 
the colour, whereas if ether were added a violet precipitate of the 
colour ba$e separated. For the preparation of pelargonin chloride 
272 
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Wilbtittter and Bolton took r litre of the alcoholic extract and added 
sb c.c. of alcoholic hydrochloric add (jo per cent. HC1), followed 
by ■* litres of ether, whereby a carmine-red flocculent precipitate 
was thrown down. The precipitate filtered readily and the filtrate 
contained but traces of the colouring matter. 

The crude chloride obtained by either of the above methods was 
purified by fractional precipitation from solution in methyl-alcoholic 
hydrochloric acid by ether, or better, by recrystallisation from 
methyl-alcoholic acid, or a mixture of methyl alcohol, water, and 
hydrochloric acid in the following way. The impure product was 
dissolved by boiling for a short time in 2 per cent, methyl-alcoholic 
hydrochloric acid, filtered warm, to remove insoluble impurities, and 
the filtrate mixed with \} of its volume of to per cent. aq. 
HC 1 . (In this solution the glucoside is not hydrolysed, even on 
long standing.) On cooling, fine long thin needles of the chloride 
separated, and after filtration a further almost equally pure crop was 
obtained by careful slow evaporation of the methyl alcohol from the 
mother liquor. The recrystallisation was repeated several times if 
the pigment was desired in a state of complete purity. 

jPelargonin chloride has the composition and forms 

a hydrate C 2 -H 3! 0 1S C 1 , 4 H, 0 , which loses its water in a vacuum 
desiccator at room temperature, and crystallises in long thin red 
needles; the anhydrous salt softens at 175° C. and melts with de¬ 
composition at 180“ C. 

In cold dilute hydrochloric acid (1—2 per cent. HC 1 ) the crys¬ 
talline salt is difficultly, and in 5 per cent. HC 1 very difficultly soluble, 
but is easily soluble in these acids if hot, giving orange-red solu¬ 
tions; hydrolysis takes place, however, if the solutions in any but 
very weak acids are warmed. 

In water the salt is appreciably soluble giving an orange-coloured 
solution, but the colour becomes violet as the result of hydrolytic 
dissociation, and then, even when cold, gradually becomes colourless 
owing to the formation of the pseudo-base. The alcoholic solutions 
are more stable; in cold methyl alcohol the salt is appreciably soluble, 
and teadily soluble in the warm solvent from which it crystallises 
on cooling— -the yellow-red solution has a characteristic greenish- 
yellow fluorescence; in ethyl alcohol the compound is less soluble, 
and if it be heated with a small quantity of this the normal chloride 
is converted into a basic salt. 

In respect of its distribution between aqueous acid and amyl 
alcohol pelargonin behaves as a normal diglucoside. The hydrolysis 
of pelargonm yields either pelargonidin, the sugar-free pigment, if the 
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hydrolysis be carried to completion, of pelargonenin, an intermediate 
monoglucoside, if the hydrolysis be carried out carefully under pre¬ 
scribed conditions. 

With reagents the following changes may be noted: lead acetate, 
sodium acetate, or calcium carbonate cause the precipitation of the 
violet colour base when added to a solution of the chloride; ferric 
chloride, or alum, produces no colour reaction; sodium carbonate 
gives a violet colour (cf. pelargonidin), which gradually changes to 
greenish-red then to yellow—sodium or ammonium hydrate gives the 
same reaction; in alcoholic solution the addition of sodium hydrate 
gives a fine blue colour, which passes to violet on dilution with water; 
sodium bisulphite forms a colourless easily soluble addition product; 
Fehling's solution, even warm, is only reduced to a very small extent. 

Pelargonin chloride is optically active, and Willstatter and Bolton 
give the following values:— 

M„ “ ~ * 9 «°. [M]„ - - 1837° i & [«]«<- - l8 °”. - 1133°. 

The absorption spectrum has also been investigated by them, 
and is described as consisting of one broad band passing much less 
into the green than that of cyanin, ending very indistinctly at that 
end, whilst the violet region is darkened, particularly on the edge of 
the visible portion. They give the following data:— 

1 mol. in 2500 litres 2'5 mm. layer. 536 .. 530 - 458 . 

o - S per cent. aq. HC 1 . 5-0 „ „ 547 . 542 - 447 .. 

Pelargonin basic chloride (C 2 rH 2 iO IS Cl) 2 . (C i7 H a ,, 0 li ) is prepared 
by boiling r gr. pelargonin chloride with 250—300 c.c. of 96 per 
cent, alcohol for a few minutes. Some of the product remains un¬ 
dissolved, though converted into violet flakes, but from the orange- 
red filtrate crystals separate on cooling, which consist of small deep 
violet needles possessing metallic lustre. The crystals are of a 
hydrate (CjjHjjO^CIJ^CVHsoO,,), i2H 2 0, which loses its water 
(not alcohol) of crystallisation in a vacuum desiccator, leaving the 
anhydrous compound consisting of 1 mol. base and 2 mols. chloride. 

Pelargonin acetate (CjjH 21 0 15 ) 2 . (Cj-Hj 0 O, 5 . C 2 H,Oj) is prepared 
by dissolving pelargonin base (see below) in boiling 90 per cent 
acetic acid, and allowing the filtered solution to cool when the acetate 
separates in fine red needles. It also separates from a glacial acetic 
acid extract of pelargonium petals (in which pelargonin is probably 
present originally as tartrate). In a vacuum desiccator the crystals 
lose 9'33 per cent, of their weight, probably of acetic acid, and the 
dry product gives analytical figures which agree with the above 
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formula. Doubtless the crystalline substance obtained by Grafts 
consisted of this acetate in an impure state. 

Pelargonin base , C !7 Hj„ 0 ,«-—This compound is prepared by 
treatment of the chloride with a small quantity of water, or by addi¬ 
tion of sodium acetate to a weakly acid solution of the pigment. It 
has not been obtained crystalline, but for analysis was merely 
washed free of chloride by means of water. It is difficultly soluble 
in water, the solution becoming gradually decolorised owing to 
pseudo-base formation; in alcohol it is very difficultly soluble, 
whereas in alkalis it is readily soluble with the formation of an 
unstable violet solution. 

Diglucosides of Pelargonidin obtained from the Flowers of the Scarlet • 
red Salvia (Salvia coccinea, L., and S. sf/endens, Sello). 

Salvianin, Salvin, and Salvinin (Willstatter and Bolton, 
Annalen, 1916, 412, 113). 

Of these three compounds salvianin is the colouring matter that 
occurs in the flowers, salvin and salvinin being hydrolytic products 
obtained from it, which are diglucosides of pelargonidin. » 

Salvianin. —As this compound has not yet been obtained in 
a crystalline condition—despite the formation of a finely crystalline 
picrate—the data concerning it must be looked upon as somewhat 
incomplete and preliminary; Willstatter promises further investiga¬ 
tion. (It should be noted, in this connection, that descriptions 
given by Willstatter and his collaborators in their later papers 
are not so complete as those of the earlier ones, this being due 
to the abnormal conditions under which the work was carried 
out.) 

In Salvia spleniens (dry petals) the pigment is present to tile 
extent of about 6 per cent., and is not accompanied by any non- 
glucoside anthocyan. The crude colouring matter was obtained by 
Willstatter and Bolton, as acetate, by extracting the petals (fresh) 
With ten times their weight of glacial acetic acid for some days, and 
precipitating the extract thus obtained by means of ether—1 kg. of 
petals yields so gr. crude product. The substance thus obtained 
was purified by either of two methods, but in no case could the 
compound be obtained in a crystalline condition except in the form 
of the picrate. One method consisted in adding a saturated solu¬ 
tion of picric sicid to a solution of the crude acetate in C05 per 
cent HC 1 , whereupon the picrate separated, and by treatment with 
methyl-alcoholic hydrochloric add was converted into the chloride, 
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and this was purified by fractional precipitation from methyl-alcoholic 
hydrochloric acid by means of ether. The other, which is of 
interest in view of the fact that it takes advantage of the abnormal 
distribution number of this pigment, depended upon the fractional 
extraction of the pigment from its aqueous acid solution by means 
of amyl alcohol. This is tedious and requires large bulks of solvents 
for quite small quantities of pigment. 

Salvianin chloride .—This as purified consists of a solidified oil of 
brownish-red colour with a metallic lustre. After drying in high 
vacuum analyses gave C = 54-12 per cent.; H = 4-64 per cent.; 
Cl «• 4-40 per cent.; and hydrolysis showed that the compound 
yielded pelargonidin chloride (C ls H n 0 5 Cl. H 2 0 ), 35-5 per cent, 
to 37-6 per cent.; glucose, 295 per cent, to 33-4 per cent.; 
and malonic acid, 24 6 per cent, to 26-7 per cent. It would 
appear therefore that salvianin is a complex body which yields 
malonic acid as well as glucose on hydrolysis, and hence re¬ 
sembles deiphinin'; moreover, salvianin is remarkable in that it 
seems very probable that the glucose molecules are not there as 
such, but in the form of a derivative containing a smaller number 
of OH groups and of the composition C s H 1(1 0 6 . Polarimetric evi¬ 
dence points to this derived sugar being first liberated when salvianin 
is hydrolysed, this passing into glucose as the result of further 
hydrolysis. In addition to this peculiarity salvianin shows a very- 
marked difference from all other known diglucosides, except salvin 
(see below), in respect of its distribution number. Of the other 
known disaccharides of the anthocyan series, only the rhamno- 
glucosides have a distribution number approaching that of the 
nownal monoglucosidcs, viz. ca. to, all the diglucosides having 
numbers about r—2, but in the case of salvianin the number is as 
high as 50 (cf. salvin). 

Salvianin chloride is about § as intense a colouring matter as 
salvin chloride ; it is very easily soluble in very dilute hydrochloric 
acid (0-5 per cent. HC 1 ), and fairly so in stronger acid (100 c,c. of 
4,-f^r cent. HC 1 dissolves 0-13 gr. at 20” C.), and its solutions in 
aqueous acid are rather more red than those of pelargonin chloride, 
whilst those in alcohol are less so. The solid salt changes to 
an oil on the addition of water, but only forms a solution if little 
water is used, and on addition of more water the pigment is repre- 
ripitated in the form of red flakes of a basic salt. With very much 
water a colourless solution of the pseudo-base is formed from which, 
on addition of acid, the colour is reproduced. 

- The salt is very readily soluble in ethyl or methyl alcohol if add 
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be present, forming yellow-red solutions with fluorescence (not so 
strong as pelargonin); these on addition of alkali give a pure blue 
colour, whereas an aqueous add solution of the pigment with caustic 
soda gives violet rapidly passing to yellow, with sodium carbonate a 
violet, and with sodium acetate a violet-red colour. 

In the presence of hydrochloric acid salvianin is gradually con¬ 
verted into a second diglucoside of pelargonidin—salvin—which can 
be obtained in fine crystals, and further to a third—salvinin. Both of 
these products are best obtained by allowing a solution of purified 
salvianin in dilute hydrochloric acid to stand in a desiccator contain¬ 
ing concentrated hydrochloric acid which is kept at 30 per cent, 
strength by addition of fresh concentrated acid from time to time. 
In this way oily drops are at first precipitated, followed by a second 
fraction in the form of deep red tablet-like prisms (salvin chloride), 
whilst the mother liquors contain salvinin chloride. 

Salvin chloride .—For this compound Willstatter and Bolton ten¬ 
tatively suggest the formula C S7 H 27 0 U C 1 (i.e. pelargonin chloride 
—aHjO), and state the following reasons for considering that sal¬ 
vianin is not merely an impure form of salvin: (r) salvin (crystal¬ 
line) gives only an oily precipitate with picric acid, whereas salvianin 
(amorphous) yields a finely crystalline picrate; (2) under suitable 
conditions salvianin readily forms a basic salt, whereas salvin does 
not do so when similarly treated; (3) salvianin is more strongly 
fluorescent than salvin. It is unfortunate that as the chloride loses 
hydrochloric acid on complete drying, the analytical data have had 
to be calculated back to the chlorine-free base; when this is done, 
however, good agreement is obtained. Moreover, the formula, 
which requires the glucose to be present, as in the case of salvianin 
(see above), in a derived form having the composition CjH^O}, is 
supported by the abnormal rotation observations which point to an 
intermediate sugar hydrolytic product being first produced which by 
further hydrolysis yields glucose, and also by the exceedingly high 
distribution number, which for this pigment is no less than 57. 

The crystalline pigment is easily soluble in water without precipi¬ 
tation of a basic salt (cf. salvianin), forming an orange-red solution— 
very dilute aqueous solutions become decolorised owing to pseudo- 
base, formation—and in dilute hydrochloric acid yields an orange- 
yellow liquid. It is very soluble in methyl or ethyl alcohol, and 
tbtte solutions fluoresce, but less strongly than similar solutions of, 
pelargonin or salvianin chlorides. 

With reagents the following reactions are recorded: Aqueous, 
or aqueous acid solutions of salvin chloride on addition of sodium 
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acetate give a violet flocculent precipitate, whereas sodium carbonate 
produces a violet coloration, and caustic soda a violet colour that 
rapidly passes to yellow. Lead acetate produces a violet flocculent 
precipitate. 

On complete hydrolysis salvin chloride yields pelargonidin chloride 
(r mol.) and glucose (2 mols.). 

Salvinin chloride, C k H 31 0 , ;i C 1 , which behaves in every way as 
a normal diglucoside anthocyan, and which is isomeric with' pelar- 
gonin chloride, was obtained by Willstatter and Bolton from the 
acid mother liquors from the preparation of salvin chloride, by 
saturating these with amyl alcohol, when, on standing for a few days, 
salvianin chloride separated in fine long needles; or directly from 
salvianin chloride, by allowing its solution in concentrated aqueous 
hydrochloric acid to stand for several weeks. Any pelargonidin 
chloride or salvin chloride present in the product was removed by 
dissolving the crystals in 1 per cent, aqueous hydrochloric acid (o - 3 
gr. in 50 c.c.) and repeatedly shaking with amyl alcohol. After 
filtration of the aqueous layer and making the acid in it up to 2 per 
cent. HC 1 , on standing for about a day the salvinin chloride separ¬ 
ated almost quantitatively. It may be recrystallised from warm 
2 per cent, hydrochloric acid, from which it separates in needles, 
or by dissolving in o'j per cent, hydrochloric acid and saturating 
the solution with amyl alcohol. The-crystalline compound is a 
hydrate of the composition C.2jH 31 0i 5 Cl, 5H 2 0, whereas pelargonin 
chloride crystals, when prepared in a similar manner, have the com¬ 
position C 37 H 3 i 0 15 CI, 4H.,0. 

Salvinin chloride is fairly soluble in water and in ethyl alcohol, 
even more so in methyl alcohol, and the solutions are orange in 
colour at first, but change to violet and, if very dilute, finally be¬ 
come colourless. In cold 1—a per cent, hydrochloric acid it is 
difficultly soluble, but easily soluble in warm, and crystallises out from 
such solutions on cooling in long purple-red needles. In cold 7 
per cent, sulphuric acid it is very difficultly soluble, but dissolves easily 
in the hot acid (7 per cent.), and on cooling clusters of needles 
separate. No characteristic colour reaction is given with ferric 
chloride. Picric acid gives a scarlet-red amorphous picrate. 

The distribution number of salvinin chloride is as that of normal 
diglucoside anthocyans, viz. about 1—2. The pure product sinters 
at 167° C. and melts, with decomposition, at 168° C. 

On complete hydrolysis salvinin chloride yields pelargonidin 
(t molecule) and glucose (2 molecules), but in the course of the 
hydrolysis the production of an intermediate monoglucoside was ob- 
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served by Wills tatter and Bolton, which resembled pelargoqpnin (see 
above), but was considered by them to be isomeric, not identical with 
it. The data available on this point are, however, very scanty, and 
the new substance has not been completely examined. 

It is of interest to note that of the pelargonidin derivatives so 
far examined, salvianin, salvin, pelargonin, pelargonenin, and the 
monoglucoside obtained from salvinin by partial hydrolysis, show 
fluorescence when in acid alcoholic solution, whereas callistepbin 
does not. 


CYANIDIN AND ITS DERIVATIVES. 

Glucosides of cyanidin occur in a variety of flowers and fruits. 
It was first isolated by Willstatter and Everest, from the corn-flower 
(Centaurea cyanus), and was the first sugar-free anthocyan to be ob¬ 
tained in a state of purity; it has since been obtained from the petals 
of Rosa gallica , peony, chrysanthemum (Chrysanthemum indicum , 
Linn.), dahlia (deep-red), aster ( Callistephus chinensin, Nees, syn. 
Aster chinensis, Linn.), poppy (Papaver rhoeas, Linn.), and from the 
fruit of the cherry (Prunus avium, Linn.), cranberry (Vaccinum vitis 
idaea ), and sloe (Prunus spinosa, Linn.), whilst, as the result of 
qualitative tests, Willstatter and Bolton (Annalen, 1916, 412, 138) 
consider that cyanidin derivatives are present in the flowers of Zinnia 
elegans, Jacq., Hybrid Gladiolas, Gaillardia bicolor, Hook., Helenium 
autumnale, Linn., Tulipa gesneriana, Linn., Tropieolum majus, Linn., 
and the berries of the red currant (Rites rubrum, Linn.), raspberry, 
and mountain ash. In some of these cases they consider that the 
cyanidin derivative is accompanied by compounds derived from 
pelargonidin. 

Cyanidin. 

Cyanidin is most readily isolated in the form of its chloride which 
has the composition C ]5 H U 0 4 C 1 , and the structure— 



*79 



THE NATURAL ORGANIC 

and which consists when in the crystalline form of the hydrate 
C«H„OA HjO, from which the water of crystallisation Is not lost 
by drying in air, in a vacuum desiccator, or in high vacuum at 50° C., 
but is completely given up in high vacuum at 105° C. Both the 
colour base and the pseudo-base of cyanidin have been prepared in 
crystalline condition. The anhydrous chloride does not melt at 300° 
C,, whereas that dried at 50° C. in high vacuum melts at once if 
dipped in a bath at 220° C. If put into a bath at 200° C., and the 
temperature is then raised, it does not melt. 

Cyanidin chloride is readily prepared from any of the naturally 
occurring glucosides by hydrolysis with hydrochloric acid, or from 
the glucoside (peonin) or its methyl ether (peonidin) by hydrolysis 
and demethylation with hydriodic acid. Hydrolysis of the glucosides 
is best carried out by boiling with 20 per cent, hydrochloric acid for 
three minutes, when the product separates in long red-brown needles 
which have a metallic lustre, the separation being almost complete on 
cooling. The salt may be recrystallised by solution in ethyl alcohol, 
addition of half its volume of 7 per cent, hydrochloric acid (aqueous) 
and slow evaporation of the alcohol. When powdered it has a 
brown-red colour and marks paper a deep violet, and is very sol¬ 
uble in methyl or ethyl alcohol, giving fine violet-red solutions. 
When an-alcoholic solution is mixed with double its volume of water 
and warmed to about 85° C., the colour gradually changes till finally 
only a pale brown-yellow remains. This, which is due to pseudo¬ 
base formation, only takes place very slowly in the cold; addition 
of acid to the decolorised solution does not reproduce the colour 
immediately, but on warming it returns quantitatively. 

In dilute hydrochloric acid the salt is very difficultly soluble, even 
hot, and a solution in 20 per cent. HC 1 contains only o-ooi per cent, 
of the pigment; it is fairly soluble in 7 per cent, sulphuric acid, and 
oncooling crystals of the sulphate separate. With perchloric acid a 
well-crystallised salt is formed which is very soluble in ethyl alcohol 
and separates on evaporation of the solvent in large deep-red prisms. 

This colouring matter, like other anthocyanidins, is quantitatively 
extracted from an aqueous acid solution by shaking with amyl 
Slpohol. The amyl alcoholic extract when shaken with sodium acetate 
becomes violet, whilst if shaken with aqueous sodium carbonate the 
colour changes to blue and passes to the aqueous layer. The fine 
red solution of the pigment in moist amyl alcohol is not very Stable, 
becoming yellow-brown when left for a few days. 

An aqueous, or dilute alcoholic acid solution of the chloride on ■ 
addition of sodium carbonate becomes violet, then blue—if any pseudo- 
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base ispresent it changes to green; addition of potassium acetate to 
*0 alcoholic solution produces a violet-blue precipitate; lead acetate 
gives an amorphous blue precipitate, Ferric chloride with an alco¬ 
holic solution of the pigment gives a pure blue, whilst if added to 
an aqueous solution it produces a violet coloration; excess of the 
reagent causes rapid oxidation and the colour changes to yellow. 
When the chloride is boiled with hydriodic acid it passes into solu¬ 
tion and on cooling the iodide crystallises out. Zeisel estimations 
have shown the absence of methoxy groups in the compound. 

Willstatter and Everest found that careful oxidation with 
hydrogen-peroxide converted cyanidin chloride into a yellow crys¬ 
talline compound that had properties resembling those of a flavonol. 
When decomposed by means of melted alkali, cyanidin chloride 
yields phloroglucinol and protocatechuic acid. 

The absorption spectrum was examined by Willstatter and 
Everest, who described it as consisting of one broad band reaching 
from the yellow to blue, the edges being ill-defined. The following 
data were given by them 

i mol. in 2500 litres . layer 2-5 mm. 577—520 ... 507 

5° » 583—486 

io-o „ 589—474 

Cyanidin Colour Base. —This was obtained as a flocculent pre¬ 
cipitate by Willstatter and Everest, and later in a crystalline condi¬ 
tion by Willstatter and Nolan (Annalen, 1915, 408, 13), by mixing a 
hot concentrated solution of cyanidin chloride in alcohol with twice 
its volume of water. When finely powdered the violet base thus 
obtained is fairly soluble in alcohol and more so in pyridine, but its 
solution in the latter becomes rapidly decolorised. 

Cyanidin Pseudo-Base C^H^O;.— This substance can be ob¬ 
tained in the form of its crystalline hydrate C ls Hi 2 0 7 , H 3 0. 0-5 gr. 
cyanidin chloride is dissolved in 820 c.c. of alcohol and twice the 
volume of water added. The liquid becomes violet-red, but practically 
no precipitate of the colour base is formed, and when heated gently 
for half an hour the colour changes to pale yellow-red, after which 
the alcohol is rapidly distilled off, in vacuo, on a water-bath, the 
solution saturated with ammonium sulphate and extracted with ether. 
The ethereal solution of the base is decolorised with animal char¬ 
coal and cioncentrated, after which some 035 gr. of the base separate* 
as colourless lens-shaped crystals. The same form is said to be 
obtained by precipitation of a solution of the base in glacial acetic 
add by means of benzol. 
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-The base is readily soluble in water, ffiore so when warm than 
when cold, but is not easily crystallised from water, as when a con¬ 
centrated solution is allowed to stand some of the violet colour 
base is produced. It is easily soluble in alcohol, aeetone, or glacial 
apetic acid, but insoluble in benzol. Sodium carbonate dissolves it 
with a yellow coloration, whilst treatment of the base with hot or cold 
ao per cent, hydrochloric acid slowly produces crystalline cyanidin 
chloride. 

The water of crystallisation in the crystalline hydrate is very 
difficult to remove; it is not affected by drying in a vacuum desiccator 
and only commences to come off in high vacuum at about 8o° C., 
dehydration not being complete below i30°C. At this tempera¬ 
ture conversion of the pseudo-base to the violet colour base has 
commenced and the dry product is deep violet in colour. 

Derivatives of Cyanidin. 

i. Methyl ether, and its glucoside, see Peonidin. 

a. Monosaccharides: Asterin, Chrysanthemin, and Idaein. 

3. Disaccharides — 

(a) Diglucosides: Cyanin and Mekocyanin. 

(i) Rhamno-glucosides: Keracyanin and Prunicyanin. 


Monosaccharides. 

Asterin. 

Asterin is one of the pigments of the purple-red aster ( Callis - 
tephus chinensis, Nees, syn. Aster chinensis, Linn.), and has been 
isolated by Willstatter and Burdick (Annalen, 1916, 412, 149), (cf. 
callistephin). 

The colouring matter after separation from the pelargonidin de¬ 
rivative (callistephin) that accompanies it in the flowers as described 
on p. 368, was finally purified by recrystallisation from aqueous 
methyl alcoholic hydrochloric acid—containing but a very small per 
cent, of HCl—by allowing the alcohol to evaporate slowly. 

Asterin chloride , CjiH 2 iO u C1, forms fine bronze-brown to red- 
brown crystals (prisms) having metallic lustre, which contain water 
of crystallisation and have the composition C 21 H 2 iO u C 1 , i^HjO. 
Both the anhydrous and hydra'ed forms are isomeric with the re- 
' spective forms of chrysanthemin chloride, but the crystals of the two 
pigments differ greatly. - 

The salt is soluble in water yielding a brown-red solution which 
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assumes a more bluish tinge on dilution, then becomes colourless as 
the result of pseudo-base being formed. It gives reactions identical 
with those of chrysanthemin chloride in respect of ferric chloride, 
sodium carbonate, sodium hydrate, and distribution between amyl 
alcohol and aqueous acid, vis. with ferric chloride in alcoholic solu. 
tion, a blue coloration; sodium carbonate added to an acid solution 
-gives a violet colour, whilst sodium hydrate produces a blue; the 
distribution number for this compound resembles that for other 
monosaccharide anthocyans. On the other hand, it differs greatly 
from chrysanthemin chloride in respect of its solubility in acids, as 
may be seen from the following data given by Willstatter and 
Burdick:— 


j litOH 
! (containing 
HCI) 

1 

Percent! ’ P 'd ( ?r t - 

hci. : HC1 - 

7 Per Cent HCI. 

7 Per Cent. 

h 9 so 4 . 

1 

Asterin chloride | Easily 
' 1 soluble 

cold. 

1 

Very | Easily 
easily : soluble, 
soluble, j 

Appreciably 
Boluble cold; 

on slight 
warming very 
easily soluble. 

Fairly easily 
soluble. 

Chrysanthemin Fairly 
chloride . difficultly 

soluble. 

' 

Much ! Difficultly 
less ; soluble, 
soluble., 

1 

! 

Very insoluble, 
only appreciably 
soluble boiling, 
and rapidly 
separates on 
slight cooling. 

Very easily 
soluble, much 
more so than 
asterin 
chloride. 


On hydrolysis asterin chloride yields cyanidin chloride (r mol.) 
and glucose (r mol.). 


Chkvsanthkmi ,. 

Chrysanthemin, the pigment of the deep-red chrysanthemum 
(Chrysanthemun indicum, Linn.), has been isolated and described by 
Willstatter and Bolton (Annalen, 1916, 412, 136), who used deep- 
red flowers for their investigations (Ruby King), but also found that 
many scarlet and red garden kinds contained this pigment mixed 
with various carotinoids. 

The pigment closely resembles Idaein (the cranberry pigment) in 
many of its properties, but the differences in solubility are stated to, 
be sufficient to characterise it. 

For the isolation of the colouring matter the petals (those used 
contained about 7 per cent, of their dry weight of chrysanthemin, 
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other red sorts examined contained amounts varying from one-half 
to one-third only of this) were extracted with glacial acetic acid 
(fifteen times the weight of the petals) for three days and the 
residue on the filter washed with fresh glacial acetic acid (equal to 
weight of petals); under these conditions the extraction is said to be 
klmost quantitative. On addition of ether (twice the volume) to the 
filtered extract a heavy red flocculent precipitate of the colouring 
matter—as acetate—is produced. (In this case, as in some few 
others, it is said to be advantageous to precipitate the pigment as 
acetate rather then as chloride.) 

The purification of the crude chrysanthemin thus prepared was 
carried out in either of two ways, one making use of the picrate and 
the other of the distribution between amyl alcohol and aqueous acid. 
The latter method is more or less generally applicable to mono- 
glucosides of the series on account of their passing to a reasonable 
extent into the alcoholic layer, but chrysanthemin having a high distri¬ 
bution number for a monoglucoside may even be more advantageously 
purified by this method than other pigments of the group. On the 
other hand, even in this case, the very large bulk of solvents re¬ 
quired to work up even small quantities of pigment make the method, 
though of great interest, useless for the purification of the colouring 
matter in quantity. 

For the picrate process the crude acetate (from 2J kg. of petals) 
was dissolved in o'$ per cent, hydrochloric acid (400 c.c.) and twice 
extracted with amyl alcohol (200 c.c, each time) .to remove any free 
cyanidin that may be present, and the residual traces of amyl alcohol 
were removed from the aqueous layer by shaking with ether. After 
this preliminary treatment the aqueous solution of the pigment was 
mixed with cold saturated picric acid solution (500 c.c.) and allowed 
to stand for a day when the crude picrate had separated as spherical 
aggregates (18 gr.). It was then dissolved in methyl alcohol (a>5 
e.c.), filtered, and the solution mixed with ro per cent, methyl 
alcoholic hydrochloric acid (40 c.c.), after which ether (ten times 
the volume) was added to reprecipitate the colouring matter which 
separates as a brown-red powder (97 gr. of 64 per cent, purity). 
.After thrice purifying this product by slow precipitation from alco¬ 
holic solution by addition of aqueous hydrochloric acid (7 per cent'.)', 
the pigment was finally obtained as chloride in the form of fine micfo- 
crystals (prisms and long tablets, 4-5 gr.). 

The purification by means of amyl alcohol consists in dissolving 
the crude product in 0-5 per cent, hydrochloric acid, extracting twice 
with half the volume of amyl alcohol, to remove any cyaniditt, end' 
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rejecting these alcoholic extracts, then extracting further twenty times 
(each with one volume of amyl alcohol), partially drying the alcoholic 
extract and precipitating the pigment from it by means of light 
petroleum, mixing the syrup so obtained with methyl alcohol ana 
completing the precipitation by means of ether. The further puri¬ 
fication of the chloride thus obtained was similar to that obtained 
by the picrate process. 

Chrysanthemin chloride , CjiH n OnCl, forms a crystalline hydrate 
having the composition C 2 ,H 21 0 uC 1 , iiHjO, which loses its water if 
dried in high vacuum at 100“ C. ; the crystals are red-violet pointed 
rhombic leaflets which have a fine metallic sheen. In a melting- 
point tube they begin to decompose at 205° C. and blacken, but 
show no melting-point. 

Its acid aqueous, or alcoholic, solutions have the same colour 
as corresponding solutions of cyanin, idaein, or asterin, but their 
intensity is about twice that of cyanin solutions. 

In water the salt is easily soluble, in methyl alcohol very easily, 
but in ethyl alcohol rather difficultly soluble, and but little more 
scf when this is hot. In dilute hydrochloric acid it is much less 
soluble than idaein chloride, as the following figures given by Will- 
statter and Bolton show: at 17 0 C. 100 c.c. j per cent. HC 1 
dissolves o'o845 gr. chrysanthemin chloride, but dissolves 8 - 48 gr. 
idaein chloride; at 17” C. 100 c.c. 2 per cent. HC 1 dissolves 
o - o6o 4 gr. chrysanthemin chloride, but dissolves 07 gr. idaein 
chloride, whereas in hot per cent, hydrochloric acid chrysan¬ 
themin chloride is very easily soluble. It is interesting to note that 
this salt readily forms super-saturated solutions, and if a concen¬ 
trated aqueous solution is mixed with an equal volume of 4 per cent, 
hydrochloric acid, it may stand for weeks before any precipitate of 
pigment is formed. 

In 7 per cent, sulphuric acid it is very easily soluble, much more 
readily than idaein chloride or cyanin chloride. 

The following reactions have been recorded. On addition of 
sodium carbonate to an acid solution of the chloride a violet colour 
■5 produced, whereas caustic soda produces a pure blue; ferric 
chloride on addition to an alcoholic solution gives a blue colour, 
which on dilution with water passes to violet; calcium chloride 
causes the precipitation of a blue calcium salt, whilst the lead salt 
if precipitated from alcoholic solution of the pigment is blue, and 

if from aqueous solution violet. 

The distribution number of this salt is 19, and is therefore high 
compared with the majority of monosaccharide anthocyans. 
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On hydrolysis chrysanthemin chloride yields cyanidin chloride 
(i molecule) and glucose (j molecule). 

Chrysanthemin picrate was prepared by adding ro c.c. of a 
saturated solution of picric acid to 20 c.c. of a solution of chrysan¬ 
themin chloride (0-3 gr.) and separated freely as thin red prisms 
which sinter at 155° C., and melt with decomposition at 165“ C. 
The salt is very easily soluble in alcohol, but rather difficultly so in 
water; its dilute solutions are said to become decolorised even more 
readily than those of the chloride. 

Idaein. 

Idaein, the colouring matter of the cranberry (Vaccinium vitis 
idaea , Linn.), the berries of which contain about 0’035 per cent, of 
their weight of the pigment, has been subjected to examination by 
Willstatter and Mallison (Annalen, 1915, 408, 15), who succeeded 
in isolating it in a finely crystalline condition. 

For the preparation of the pure colouring matter the skins of the 
berries only were made use of, as the major portion of the pigment 
occurs in them. 138 kg. of berries gave 34 kg. of skins {contain¬ 
ing about 76 per cent, of water), and these were worked up in lots of 
about rt kg. at a time, such a quantity being left with 17 litres of 
glacial acetic acid in a closed vessel for eight days in order to extract 
the pigment, and, after filtration, a further 8 litres was used to wash 
the residue. The filtrate (25 litres) was divided into portions and the 
pigment precipitated by the addition of ether (two and a half times 
the volume) and shaking for twenty minutes, after which the upper 
layer was decanted from the deep red syrup. This was dissolved 
in warm glacial acetic acid (2 litres) and the solution diluted with a 
further quantity of the acid (2 litres); after filtration, the solution 
thus obtained was fractionally precipitated by means of ether, the first 
oily precipitate being neglected, and the second fraction, which con¬ 
tains the bulk of the colouring matter, collected, washed with ether, 
and converted into picrate by dissolving in water {300 c.c.) and 
mixing the solution with a solution of picric acid (20 gr.) in warm 
water. The first flocculent precipitate that appeared whilst still hot 
was rapidly filtered off, and the solution on cooling then deposited a 
mixture of crystals of the colour picrate and potassium picrate. For 
preparation of the pure chloride the picrate was not further purified, 
bM if the pure picrate ’ was desired, the above product was dried, 
dissolved in warm methyl alcohol, in which potassium picrate is 
not readily soluble, and the solution precipitated by ether. It 
was then further purified by recrystallisation from water. For pre- 
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partition of the chloride the impure picate was dissolved in boiling 
methyl alcohol (150 c.c.) and such an excess of methyl alcoholic 
hydrochloric acid (30 c.c., 17 per cent. HC1) added that about 2 per 
cent, free hydrochloric acid remained in the solution, and the chloride 
then precipitated by addition of ether (1 litre), the precipitate being 
washed free from picric acid by means of ether. 107 kg. of skins 
yielded i'6 gr. of idaein chloride, i.e. about 17 per cent, of the total 
pigment present in the original acetic acid extract. The product 
was recrystallised by dissolving in water (o'5 gr. in 50 c.c.), adding 
concentrated hydrochloric acid (10 c.c.), filtering off the small 
amount of flocculent precipitate, then adding ethyl alcohol (20 c.c.) 
and allowing the alcohol to evaporate off slowly, when the chloride 
separates in fine leaflets with a metallic lustre. A further recrystallisa- 
”lion was found to be advantageous. 

Idaein chloride , C 2J H ei O u Cl, forms a crystalline hydrate having 
the composition C 21 H 21 0 U C 1 , 2 J> H 2 0 , which is described as forming 
brown-red monoclinic prisms with a green metallic lustre. It loses 
all its water of crystallisation when dried in a vacuum desiccator at 
ordinary temperature, melts with frothing at 210° C., and differs 
considerably from cyanin in its solubility. 

In water it is very easily soluble—1 in 10 at 15 0 C.—yielding a 
deep brown-red solution which on dilution passes to orange-red— 
very dilute solutions show decolorisation, but do not appear to be¬ 
come completely decolorised, a pale rose colour remaining. In alcohol 
the salt is readily soluble producing a bluish-red solution; in hydro¬ 
chloric acid of very low concentration (e.g. ^ per cent.) it is easily 
soluble, but in 6 per cent, it is almost insoluble; in sulphuric add 
it is more soluble than in hydrochloric acid, 7 per cent, acid dis¬ 
solves C03 gr. in 100 c.c. at 25 0 C., but warm solutions on cooling 
deposit crystals of the sulphate. 

The following reactions have been recorded by Willstatter and 
Mallison. With sodium carbonate an acid solution of the salt passes 
to violet which is stable in excess of the reagent, whilst with caustic 
soda a blue colour is produced that rapidly passes to green, then to 
yellow ; ferric chloride added to an alcoholic solution gives a blue 
coloration which on dilution passes to violet; alum produces a very 
stable violet colour when added to an aqueous solution, whilst 
bismuth nitrate gives a red-violet coloration. Zinc (or copper) 
acetate on addition to an alcoholic solution produces a blue colora¬ 
tion, whilst to an aqueous solution the addition of coppd (or 
lead) acetate gfves a red-violet precipitate; lead acetate added to 
a solution in alcohol gives a blue precipitate. Zinc and hydrochloric 
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acid (or sodium hydrosulphite} decolorise a solution of the pigment, 
and treatment of the resulting solution with air, or hydrogen peroxide, 
causes the return of the colour. 

Idaein chloride has a distribution number about ro, i.e. behaves 
as a normal monosaccharide anthocyan, and on hydrolysis it yields 
cyanidin chloride (r molecule) and galactose (i molecule). It will 
be noticed that in respect of the distribution number of saccharide 
pigments of this series containing it, galactose appears to resemble 
glucose in its effect, and differs from rhamnose. 

Willstatter and Maliison describe the absorption spectrum as 
consisting of one broad band resembling that of cyanin, but reaching 
less far into the blue. They obtained the annexed results. Solution 
containing i molecule in 2500 litres of 7 per cent, sulphuric acid, 

Thickness of layer 2-5 mm. . . 556... 542—476 

» „ n 1 '25 .. • • 546 -- 53 °- 484 

Idaein chloride is optically active, and the following measure¬ 
ments are on record 

Dilute solution in o - 5 per cent. HC 1 , monochromatic light 
W, - - “9° (± 15“) 1 

more concentrated solution, white light (1000 c.p. Osram globe 23 
cms. away) 

l - 0-5 [a] - - 378“ (+ 5°) I / - ro [a] = - 342 ° (± 5°). 

Idaein picrate forms microscopic red needles. It is soluble in 
30 parts of boiling water, very insoluble in cold water, the solutions 
being orange-red; it is soluble in ethyl alcohol yielding cherry-red 
solutions—very dilute solutions in either solvent show loss of colour 
with formation of pseudo-base, unless excess of picric acid is present. 
If a drop of the aqueous solution be placed on filter paper it produces 
a spot with violet centre and yellow exterior, as the result of hydro¬ 
lytic dissociation. 

Idaein sulphate is described as forming bright brown rhombic 
crystals when a solution of the chloride in warm sulphuric acid (7 per 
Cent.) is allowed to cool. 


Disaccharides, (a) Diglocosides. 

Cyanin. 

Cyanin, the colouring matter of the corn-flower (blue and deep 
purple), Rosa gallica, deep red dahlia, etc., has been the subject of 
investigations, of which the earliest was carried out by F. S. 

The work of MoriA""' 4 sciences nat " IJ ’ 160 ( i8 49 -S°>)' 
■ of interest in that he attempted to prepare toe 
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pigment by precipitation from aqueous solution by means of alcohol, 
a process which formed a portion of the method of purification 
whereby Willstatter and Everest obtained the pure pigment. In 
addition to the work of Morot, that of Fremy and Cloez (J. pr. 
Chem., 1854, 62, 269) should be mentioned, as they included 
the pigment of the corn-flower in their investigation of the colour¬ 
ing matters of flowers. They gave to it, in common with the 
other pigments examined, the name cyanin, and this was adopted 
by Willstatter and Everest for the corn-flower pigment when, in 
1913 (Annalen, 401, 189), they succeeded in preparing it in t 
pure and crystalline condition, a result that paved the way for the 
great advance in our knowledge of the anthocyan pigments that 
has since been achieved. Although this colouring matter was first 
obtained from the petals of the blue corn-flower, Centaurea cyattus, 
it is much more readily prepared from Rosa gallica or deep red 
dahlia petals. 

The isolation of cyanin from blue corn-flowers is a long and tedious 
process, consisting of repeated, rapid fractional precipitation of an 
aqueous extract of the petals by means of alcohol, followed by con¬ 
version of the partially purified blue pigment into the chloride (red) 
and slow fractional precipitation of its solution in alcoholic hydro¬ 
chloric acid by means of ether. The amorphous, but almost pure 
product is then crystallised by solution in alcohol, addition of 
aqueous hydrochloric acid, and slow evaporation of the alcohol. 
Although it was not found possible to obtain the blue pigment 
itself in a pure condition, fractional precipitation yielded it so 
sufficiently to prove that before conversion into the chloride, it 
was present as a potassium salt, and that in this form it occurs in 
the blue corn-flower. 

Much simpler methods are available for its isolation from other 
flowers—rose, dahlia, or deep bordeaux coloured corn-flower; but all 
efforts to improve the method used by Willstatter and Everest for 
its preparation from the blue com-flower have hitherto failed. The 
flowers mentioned contain : corn-flower (blue), about 075 per cent, 
(deep violet-blue), 3-6 per cent., (deep bordeaux), 13—14 per cent.; 
dahlia (deep red), about 20 per cent.; rosa gallica, 2 per cent., 
respectively, of their dry weight of cyanin. Willstatter and Mallison 
consider the petals of the deep red dahlia to be the best source of 
the pigment. 

In 2878 Senier (J. Pharm., (3), 7, 650 (1878)), made an attempt 
to isolate the pigment of the rose, using the lead salt method, but 
foiled, and ascribed his failure to the fact that the precipitation of 
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the lead salt was not sufficiently specific. .In 1905 Molisch (Bot. 
Ztg, 157) succeeded in preparing this colouring matter in micro- 
crystalline form in the same way that he had obtained crystals of the 
pelargonium pigment, but it remained for Willstatter and Nolan 
(Annalen, 1915, 408, r) to obtain it pure and crystalline in quan¬ 
tity, and to establish its identity with the cyanin previously isolated 
by Willstatter and Everest from the corn-flower. From 1 kg. of 
dry petals (commercial, rosa gallica) they were able to obtain 7 
gr. of pure crystalline cyanin chloride. Their process consisted 
in extracting the petals with methyl alcoholic hydrochloric acid 
(about 3 per cent. HC 1 ) — ethyl alcohol is not so satisfactory 
(1 kg. to 3 litres)—filtering after some sixteen hours, washing the 
residue with further solvent (1 per cent. HC 1 , 500 c.c.) several 
times to complete the extraction, and precipitating the filtrate (5 
litres) by mixing it with two and a half times its volume of ether, 
when the pigment separates as a gummy mass. The best method 
of obtaining the pure pigment from this crude product (amount 
from 1 kg. of petals taken at a time) consists in allowing it, 
without drying, to stand for twenty-four hours with alcoholic 
hydrochloric acid, or better, with methyl alcohol (200 c.c.) and 
glacial acetic acid (140 c.c.), when the impurities present become 
hydrolysed or acetylated, but the cyanin remains unchanged as 
a deep brown micro-crystalline residue. The product is dissolved 
in boiling water (700 c.c.), mixed with an equal volume of 3 
per cent.- ethyl alcoholic hydrochloric acid and allowed to cool, 
when cyanin chloride separates in fine glistening crystals (about 
6 - 5 gr.), and a further crop may be obtained from the mother 
liquors. 

From the deep red dahlia flowers cyanin chloride is readily 
ptepared in quantity as described by Willstatter and Mallison 
(Annalen, 1915,408, 147), (note —scarlet-red dahlia flowers yield 
pelargonin), in that an extract of the fresh flowers (700 gr.) in 
glacial acetic acid is first mixed with methyl alcoholic hydrochlorip 
acid, then precipitated with ether (one and a half volumes), which 
' produces a fiocculent deposit that congeals together, and when 
dried (ts gr.) is 76 per cent. pure. This on solution in cold 
7, per cent, hydrochloric acid (300 c.c.), filtration and standing, 
yields. the chloride in a crystalline condition, which may be recryS* 
tallised in the same way described as the product obtained from 
rose petals. The yield frqxr 700 gr. fresh petals is about 7,‘4 gri; 
pure crystalline chloride (air-dried), i.e. 50 per cent, of the total 
amount present in the petals. 
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To obtain cyanin chloride from deep bordeaux coloured corn¬ 
flowers Willstatter and Mallison extracted these with glacial acetic 
acid, and added ether, when an oily product was deposited, which 
when dissolved in a little 7 per cent, hydrochloric acid after a 
day, separated in a granular condition. The product washed with 
hydrochloric acid was recrystallised from warm 3 per cent, aqueous 
hydrochloric acid when it separated in glistening rhombic-shaped 
tablets, which appear violet under the microscope, and have a 
melting-point 198'’ C. 

Cyanin chloride, C i ;H, 11 Oi (i Cl, crystallises in the form of red-brown 
rhombic leaflets which contain 2^ molecules of water of crystallisation 
(Q.-H^CVC!. 2IH .O), of which some jH .,0 remains in the product 
when dried in high vacuum at 50° C, but all is lost when dried in 
this way at 105° C. 

The air-dried crystalline chloride is almost insoluble in cold 
water, but dissolves very itadily at 90° C. By the addition of an 
equal volume of 3 per cent, ethyl alcoholic hydrochloric acid to the 
solution, the salt is almost completely precipitated, separating as 
aggregates of leaflets with a golden reflex. The salt is only slowly 
and difficultly soluble in cold ethyl alcohol (too c.c. at 19° C. dis¬ 
solve 0 053 gr. of crystals from the rose, .0 059 gr. crystals from the 
corn-flower), very difficultly soluble in acetone and chloroform and 
insoluble in benzene. In dilute hydrochloric acid it is but little 
soluble, as the following figures indicate :— 

roo c.c. I p.c. HC 1 at ao° C. disc 0'i ! r5 gr. air-dried crysts. from rose. 

„ 0015 „ ,, „ „ „ corn-flower. 

„ Ij p.c. HU „ „ „ 0 0053 ..rose. 

,, 00055 1. i, „ ,, corn-flower. 

and these figures have been used by Willstatter and Nolan (Annalen, 
1915, 408, 1) as evidence of the identity of the pigment from the 
corn-flower and rose. In 7 per cent, sulphuric acid the crystalline 
chloride is fairly readily soluble, but on standing, the sulphate always 
crystallises out; thus a solution of 001 gr. of chloride in 30 c.c. 
deposits this in thin deep red needles. 

Dilute aqueous, or alcoholic, solutions of the salt become 
decolorised as the result of pseudo-base formation, but addition of 
acid to the decolorised solution causes quantitative return of the 
colour. -The decolorised solution gives a yellow colour on addition 
of sodium carbonate and a green precipitate with lead acetate; ex- 
cess of sodium carbonate or caustic soda changes it to a yellow which;- 
does not become red on,addition of acid. 
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The following reactions of cyanin chloride have been noted:— 

Ferric chloride when added to an aqueous solution produces a 
fine violet coloration, whereas in alcoholic solution a beautiful intense 
blue results; with excess of the reagent the colour rapidly fades, pass¬ 
ing finally to yellow; lead acetate completely precipitates the colour 
from its solutions producing violet-blue flakes which have a copper- 
coloured reflex. When the lead salt thus prepared is treated in the 
presence of water with carbon dioxide, or with a limited quantity of 
sulphuretted hydrogen, a blue solution results, and appears to con¬ 
tain a primary lead salt which can be obtained from the solution by 
precipitation with alcohol. With alkalis (sodium carbonate or caustic 
soda) an acid solution of cyanin chloride passes through violet to a 
fine pure blue, whereas with calcium carbonate the reaction passes only 
to the violet stage, the violet solutions thus formed becoming rapidly 
decolorised owing to pseudo-base formation. Zinc and dilute acetic 
acid (or HC 1 , or H 2 SO t ) reduce the salt with formation of a colour¬ 
less leuco compound from which the colour may be regenerated by 
air oxidation; sodium bisulphite produces a colourless soluble com¬ 
pound which is decomposed by addition of acid with liberation of 
the pigment; Fehling's solution, even hot, is not reduced by cyanin 
chloride. 

The absorption spectrum was described by Willstatter and 
Everest as consisting of one broad band covering a large portion 
of the green and blue. A solution of i mol. in 2500 litres gave the 
following figures:— 

Thickness of layer 2'5 mm. . . 549'54o—467‘46a 

„ „ 5'o .. ■ ■ 56 i-553—448 

Cyanin chloride is optically active, and Willstatter and Nolan 
obtained the subjoined values when using white light (1000 c.p. | 
watt Osram lamp):— 

Pigment from corn-flower [a] = - 225° and - 251° 

„ „ rosa gallica [a] =■ - 249 0 and - 267° 

They consider the most probable value to be [a] » -258° (± 10°). 

The distribution number of cyanin chloride (i-8) is normal fora 
diglucoside anthocyan, and on hydrolysis the salt yields eyanidin 
, chloridt (1 mol.) and glucost (2 mols.). 

Cyanin picratc is very readily soluble in water and is difficult to 
prepare, but may be obtained by suspending cyanin chloride in a 
little water and adding a saturated solution of picric add in the 
same solvent. The pigment goes into solution, and on standing 
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for several days a flocculent precipitate separates which consists of 
fine red needles. 

In dilute aqueous solution the picrate readily undergoes isomeri¬ 
sation, the change being complete on warming; in alcohol it is 
readily soluble without undergoing change. 

Cyaninpotassium salt .—This compound, which is the actual blue 
colouring matter of the wild corn-flower, was obtained by Willstatter 
and Everest in a state of considerable purity, and finally in a crystal¬ 
line condition by slow evaporation of a concentrated solution in so 
per cent, aqueous sodium chloride, after this had been purified by 
dialysis. The cyanin salt separated in fine deep blue six-sided 
tablets, but could not be completely freed from sodium chloride 
as small quantities only were available. On the other hand, it was 
necessary to use solutions in strong sodium chloride (or nitrate) 
solution for the dialysis, as otherwise the whole of the cyanin salt 
became isomerised before purification was complete. 

The salt is very soluble in water, giving beautiful blue solutions, 
which, however, become decolorised on standing. The decolorisa- 
tion is greatly retarded by the addition of various inorganic salts, 
and solutions containing 20 per cent, of common salt can be kept 
for months without decolorisation occurring. Addition of acid to 
the blue solution, or to the colourless one produced from it by 
standing, gives a red coloration. The addition of sodium car¬ 
bonate to a blue solution causes no immediate change of colour, 
but if the liquid has stood before the sodium carbonate is added, 
a blue-green to green-blue colour results, whereas addition of the 
carbonate to a solution that has become colourless by standing 
produces a yellow colour. The salt is insoluble in alcohol, ether, 
and benzene, but fairly readily soluble in ethylene glycol. The 
colour is stable to light. 


Mekocyanin. 

Mekocyanin is one of the pigments of the poppy \Papavtr 
rhoeas, Linn.)—a double purple-scarlet garden variety. 

This has been isolated and described by Willstatter and Weil 
(Annalen, 1916, 412, 231), who state that it occurs in the flowers 
together with a second pigment which they have not, as yet, com¬ 
pletely investigated. The petals used contained a total of about 18 
per cent, of their dry weight of pigment. 

The colouring matter was isolated in the form of its chloride, for 
which purpose the whole petals—including the darker central portions 
—were used, as preliminary experiments showed that extracts of the 
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darker portions at the centre of the petals had the same properties 
as those of the outer parts. The separation of mekocyanin from the 
other anthocyan that accompanies it was readily accomplished by 
taking advantage of the unusual great solubility of the former. 

For the isolation of the pigment it is said to be necessary to use 
fresh petals, as there is great difficulty in purifying the colouring 
matter after extraction from the dried material. The process used 
by Willstatter and Weil may be described thus: From some 7—8 
kg. of fresh poppy petals about 20 litres of extract were obtained on 
treatment with glacial acetic acid, and to this some 200 c.c. of to per 
cent, methyl alcoholic hydrochloric acid was added before precipita¬ 
tion of the pigment by means of ether, for which purpose 40 litres were 
required. After standing for a time the clear liquid was decanted, the 
residue collected, dissolved in water (650 c.c.) and the solution mixed 
with absolute alcohol (2 litres), to precipitate the impurities present 
which are difficultly soluble in alcohol. After removal of the latter, 
a further quantity of 10 per cent, ethyl alcoholic hydrochloric acid 
■ (500 c.c.) was added and the colouring matter then precipitated by 
addition of ether (3 times total volume of liquid), the product obtained 
in this way being a syrup from which the mother liquors could be 
readily decanted. In order to separate the mekocyanin from the other 
component (less soluble in alcohol), the syrup was twice washed 
with absolute alcohol (1 litre each time) containing 3 per cent, of 
hydrochloric acid, whereby some 38 gr. of residue was left which 
contained but little mekocyanin. It was then precipitated from the 
alcoholic liquors by means of ether (3 times the volume of the solu¬ 
tion), collected and dried. 

The next purification consisted in allowing, the product to stand 
with 3 per cent, alcoholic hydrochloric acid, when it first passed 
into solution, and was then reprecipitated as a spongy mass. In 
about two days the whole was thus transformed and was then 
collected (26 gr. dry). On dissolving this product, without drying, 
in o - 3 per cent, hydrochloric acid (90 c.c.) and gradually adding 
glacial acetic acid (1300 c.c.) the pigment began to separate as 
flakes, then in spherical forms (13 gr.), and further precipitation 
was caused by addition of more glacial acetic acid, this fraction 
consisting of regular spherical garnct-like grains (“kuglig kantigen 
granatlhnlichen KOmern ’’). Ether now caused the separation of a 
further quantity of impure product, 

The middle fraction described above, although not distinctly crye- J 
talline, was used for characterisation and for analyses, whilst the first 
and last fractions were used for the preparation of the non-glucosidal 
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compound (cyanidin). Further purification by formation of the 
crystalline fcrrocyanide, reconversion of this into the chloride, and , 
careful precipitation of the latter from aqueous HC1 solution, by 
acetone, yielded the pigment (as chloride), in the form of sharply 
cut, well-formed needles. 

Mekocyanin chloride, C^H^O^CI, forms a hydrate containing 
3 molecules of water—C^H^O^CI, 3H s O, from which two are 
readily removed, the third only on drying in high vacuum at 105 s C. 
The salt is very easily soluble in water, dilute solutions becoming 
decolorised owing to the formation of pseudo-base, and differs greatly 
from cyanin chloride and the chlorides of other cyanidin saccha¬ 
rides, except prunicyanin chloride, in that it is very easily soluble 
in aqueous hydrochloric acid (0 01 per cent, to 10 per cent, or even 
higher). In ethyl alcohol it is difficultly soluble, but rather more 
soluble in methyl alcohol, and if the chloride is rubbed with either 
of these solvents containing a small per cent. HC1, it dissolves and is 
reprecipitated as a voluminous spongy mass. In acetone the salt is' 
insoluble, but is easily soluble in a mixture of acetone and water— 
this is equally true of most anthocyanin chlorides, and such a mixture 
is often to be preferred to a mixture of alcohol and water for the re¬ 
crystallisation of these oxonium salts. In colour the solutions in 
aqueous acid or m alcohol of mekocyanin chloride are the same as 
those of cyanin chloride, but the reactions of the pigment are different. 
Thus, with sodium carbonate it gives a violet colour with slight bluish 
tinge — cyanin gives blue, keracyanin red-violet — but with caustic 
soda a corn-flower-blue is produced. With ferric chloride meko¬ 
cyanin chloride gives the same colour reactions as cyanin chloride. 

With regard to distribution between aqueous acid and amyl 
alcohol, mekocyanin behaves as a normal diglucoside anthocyan, 
and on complete hydrolysis it yields cyanidin chloride (1 mol.) and 
glucose (2 mols.), but, by carefully regulating the conditions of 
hydrolysis, Willstatter and Weil were able to stop the reaction at an 
intermediate stage at which a monoglucoside (t mol.) and glucose 
(1 mol.) had been produced. The monoglucoside thus isolated was 
identified by them as chrysanthemin chloride, and from this, by hydro¬ 
lysis, they obtained cyanidin chloride (1 mol.) and glucose (1 mol.). 

Mekocyanin fcrrocyanide. —This is a highly crystalline character- 
' istic salt, which is readily prepared from the chloride by treating a gr. 
dissolved in 10 oc. hot 0-3 per cent, hydrochloric acid, with a gr. of 
finely powdered potassium ferrocyanide (added all at once) and allow¬ 
ing the mixture to stand overnight The amorphous precipitate that 
fust separates has by that time passed to a mass of fine red-brown 
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needle-shaped crystals (o'9 gr.). The salt is fairly soluble in water, 
sparingly soluble in alcohol. It can be reconverted into the chloride 
by treatment with picric acid, filtering off the ferrocyanic acid which 
separates, and adding ethyl alcoholic hydrochloric acid and ether to 
the filtrate. 


Disaccharides. (//) Rhamnoglucosides. 

Keracyanin. 

Keracyanin, the colouring matter of the sweet cherry (Prunus 
avium, Linn.), has been isolated and described by Willstatter and 
Zollinger (Annalen, 1916, 412, 164). 

For the isolation of the colouring matter the fruit was stoned, 
the skins rapidly separated from the flesh, and extracted by standing 
in closed vessels with glacial acetic acid. The skins of 150 kg. 

■ of cherries thus yielded 15 litres of extract from which the pigment 
was precipitated in the form of a syrup by means of ether. 

- The method given for the purification of the pigment is com¬ 
plicated, and stated to be merely of a temporary character, but 
it sufficed for the isolation of the pigment in pure and crystalline 
condition, and permitted at least of a preliminary examination of 
the compound. This involved fractional precipitation of the crude 
pigment dissolved in methyl alcoholic hydrochloric acid, by means 
of ether, followed by its conversion into lead salt; the decom¬ 
position of this with recovery of the pigment, and finally further 
fractional precipitation of a solution of the latter in methyl alcoholic 
hydrochloric acid by means of ether. The colouring matter was 
finally obtained in deep bronze-brown clusters of crystals. 

• Keracyanin chloride, C 2r H 31 0 15 Cl, forms crystalline hydrates, of 
which Willstatter and Zollinger describe two, viz.: C 27 H 31 0 U C 1 , 4H a O 
(which loses jHiO when dried in vacuum desiccator) and 
C.j;H S iO;,Cl, 3H-O 

(which loses i^H 2 0 in vacuum desiccator), both of which become 
anhydrous if dried in high vacuum at 105° C. The former hydrate 
was obtained when 1 '3 gr. of the pure chloride were dissolved in 
to C.C. of very dilute hydrochloric acid, and the solution mixed with 
*o C.C. of to per cent. HC 1 ; on standing for several days, the com¬ 
pound was precipitated in the form of bright red flakes composed of 
very fine needles. The second hydrate was prepared by taking o - 8s 
gr. of the pure chloride dissolved in 8 c.c. methyl alcohol, and adding 
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16 c.c. of 7 per cent, aqueous hydrochloric acid. It crystallised 
from this solution in short brown-yellow prisms. 

Acid aqueous, or alcoholic, solutions of keracyanin chloride 
closely resemble those of cyanin chloride in colour, but differ in 
their reaction with sodium carbonate, with which keracyanin gives 
a red-violet colour. With caustic soda it gives a blue colour like 
cyanin; whereas ferric chloride, when added to ati alcoholic solution 
of the salt, gives a blue coloration, which on dilution with water be- 
' comes blue-violet (stable). 

The salt is easily soluble in hot water, decolorisation taking place 
—due to pseudo-base formation—in dilute solutions, as with other 
pigments of the series; in methyl alcohol, even when cold, it is very 
easily soluble, and in ethyl alcohol fairly easily. It is less soluble in 
acids than mekocyanin chloride and more so than cyanin chloride, 
and it is interesting to note that whilst it is difficultly soluble in cold 
hydrochloric acid of concentrations between cot per cent, and o't 
per cent., it is easily soluble in i per cent. HC 1 . As the concentra¬ 
tion increases beyond this the solubility decreases, until 3 per cent 
dissolves but little, and in cold 7 per cent. HC1 it is very difficultly 
soluble, though considerably so if the acid is hot. 

On hydrolysis keracyanin yields cyanidin chloride , glucose, and 
rhamnose, approximately in molecular proportions, but, as previous 
investigators have found in the case of other rhamno-glucosides—e.g. 
rutin—Willstatter and Zollinger observed, in the analytical data ob¬ 
tained, some variation from the theoretical proportions of the sugars 
required for a simple rhamno-glucoside of cyanidin, though evidence 
points to its being such a compound. 

It is of interest to note that in common with the other rhamno- 
glucoside anthocyans—violanin and prunicyanin—keracyanin has a 
distribution number (viz. 67) approximating to that of a normal 
#wwglucoside. 


Prunicyanin. 

Prunicyanin, the pigment of the sloe (blackthorn, Prunus spinosa, 
Linn.), is a compound that closely resembles mekocyanin. 

A certain amount of information has been obtained concerning 
this pigment by Willstatter and Zollinger (Annalen, 1916, 41a, 164), 
but the results published are only preliminary, and the colouring 
matter has not, as yet, been obtained in a crystalline condition. 
Only the skins of the fruit were used for the preparation of the 
pigment, these being extracted with glacial acetic acid, and after 
addition of alcohol, the colouring matter precipitated by means of 

*97 



THE NATURAL ORGANIC COLOURING MaHbRS 

ether. After several fractional precipitations from alcoholic solution 
by addition of ether, various methods of purification were resorted 
to, and the pigment finally obtained as small Spherical particles— 
" kuglig kryst. Gebilde 

Prunicyanin chloride , thus prepared, closely resembles meko- 
cyanin in most of its properties, viz. an acid solution on addition of 
sodium carbonate gives a bluish-violet colour, with caustic soda blue; 
ferric chloride added to an alcoholic solution produces a pure blue 
coloration. Like mekocyanin chloride, it is unusually soluble in 
hydrochloric acid of various concentrations, and also has the in¬ 
teresting property of passing into solution in a small quantity of 
cold ethyl alcohol and being again deposited from this in a bulky 
sponge-like form—possibly micro-crystalline. It differs from meko¬ 
cyanin chloride in having a distribution number (viz. 9-5) very 
close to that obtained for normal vwwglucoside anthocyans, but as 
hydrolysis of prunicyanin chloride, together with pentose estima¬ 
tions, prove that it yields cyanidin chloride , rhamnose, and a hcxose 
(not yet identified), probably in molecular proportions, the high 
distribution number is not explained by its being a monosaccharide, 
but by the presence of rhamnose in the molecule (cf. keracyanin 
and violanin). 


Cyanidin Monomethyl Ether. 

I'eonidin. 

This substance occurs in the form of its diglucoside (peonin) in 
the flowers of the deep violet-red peony, and has been obtained 
from it by Willstatter and Nolan, who found that the hydrolysis of 
the glucoside is best carried out by rapidly heating 0-5 gr. peonin 
chloride in a boiling solution with 75 c.c. of 20 per cent, hydro¬ 
chloric acid, and when complete solution occurs, boiling for exactly 
five minutes, by which time the peonidin has almost completely 
Separated as crystalline chloride, and is collected while hot, and 
trashed with 20 per cent, hydrochloric acid. It was found that 
shorter hydrolysis tends to leave unchanged glucoside, whilst' 
too prolonged action of the acid partially attacks the methoxy 
jpriupi, 

Peonidin chloride , Ci e H,j 0 4 Cl, forms a crystalline hydrate of the 
Composition Cj S HigO # Cl, H 2 0 , which consists of long red-brown 
needles similar in form to the crystals of cyanidin chloride, but differing 
from them in that the water of crystallisation in peonidin chloride is 
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Completely removed by drying in vacuum desiccator at room tem¬ 
perature. 

The anhydrous chloride is considered by Willstatter and Nolan 
to have the structure (i) or (2) in that alkaline decomposition 
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has shown that the methoxy group is attached to the hydroxy- 
phenyl group. Further, as sodium carbonate gives a blue colour 
when added to an acid solution of the pigment—this they regard 
as evidence of a free OH in the pyrylium ring—and ferric chloride 
gives no colour reaction, they consider that the attachment of 
the methyl to one of the OH groups of the catechol residue is 
certain. Of the two formulae, they regard (1) as more probably 
correct. 

Peonidin chloride is fairly soluble in cold water, very soluble in 
hot; on boiling the solutions become decolorised, but addition of 
dilute acid causes the colour to return, slowly if cold, rapidly and 
quantitatively if hot. In alcohol it is very soluble, forming a fine 
violet-red coloured solution which differs from that of cyanidin 
chloride in that the addition of water causes the colour to change 
to brownish-red, without formation of any precipitate, whereas simi¬ 
lar treatment of a cyanidin chloride solution causes the separation 
of a flocculent violet precipitate. In 1 per cent, hydrochloric add 
the salt is very difficultly soluble cold, but easily soluble hot, and 
may readily be recrystallised from this medium ; its solubility in 7 
per cent, sulphuric acid is very similar, but in this case crystals of 
the sulphate separate from warm solutions on cooling. 

Sodium carbonate, when added to an acid solution of peonidin 
chloride, produces a blue colour, whereas potassium acetate causes 
the colour of an alcoholic solution to become violet, and on diluting 
with water a red-brown precipitate forms, the liquid remaining violet- 
red {cyanidin chloride solutions similarly treated yield a finely divided 
violet precipitate). Ferric chloride produces no characteristic colour 
On addition to an alcoholic solution, only a slight change to vitilet- 
red being observable. 
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Zeisel estimations proved that peonidin chloride contains" one 
methoxy group in the molecule, and when the finely crystalline iodide 
of the methoxy-free compound that separated from the liquors after 
the estimations was converted into the chloride (by treatment with 
precipitated silver chloride in alcoholic hydrochloric acid solution), 
the product was found to be identical in properties and composition 
with cyanidin chloride. 

When peonidin chloride was subjected to decomposition by the 
action of caustic potash it was not possible to find any evidence of 
the production of a methyl ether of phloroglucinol, despite the fact 
that the reaction was carried out under very mild conditions, the 
only phenolic product present being phloroglucinol itself. On the 
other hand, by carefully regulating the conditions, an acid decom¬ 
position product was obtained that contained a methoxy group, 
though in the circumstances a large proportion was demethylated. 
Thus at 180—185“ C. the acid product showed 8 per cent. MeO, 
at 215° only 3'5 per cent. MeO, and at 235° no MeO remained 
attached to the hydroxycarboxylic acid. 

Peonidin sulphate is deposited as brown-red needles when a solu- 
' tion of the chloride in warm dilute (e.g. ; per cent.) sulphuric acid 
is allowed to cool. 


Diglucoside of Peonidin. 

Peonin. 

Peonin, the pigment of the deep violet-red peony, in which it 
occurs to the extent of 3—3-) per cent, of the dry weight of the 
petals, has been investigated by Willstatter and Nolan (Annalen, 
1915, 408, 136), who obtained it, as chloride, in a beautifully crys¬ 
talline condition. 

For the isolation of the colouring matter the commercial, pow¬ 
dered, dry petals were mixed with t per cent, methyl alcoholic hydro¬ 
chloric acid (2 litres for 1 kg. petals), the solution after standing for 
two hours being filtered and the residue on the filter washed with 4 
per cent, methyl alcoholic acid (i{ litres). To purify it, the syrup 
thus obtained was muted with methyl alcoholic hydrochloric acid (300 
C.C. containing i-i gr. HC 1 ), stirred, and glacial acetic add added 
"(aid C.C.), the mixture being then allowed to stand for sixty hours, 
when the syrup had been converted into a powder. This was 
washed with a per cent, methyl alcoholic hydrochloric add, then 
ethyl alcohol (containing a very small per cent. HCl), and dried. 
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Many of the impurities present in the crude pigment were there¬ 
by rendered soluble, either by hydrolysis or acetylation, and were 
thus removed from the more insoluble colouring matter. The 
powder was further purified by repeated boiling (io mins.) with 
2 per cent, methyl alcoholic hydrochloric acid (twice with 150 
c.c., followed by twice with 100 c.c.). Although some of 
the pigment passed into the filtrates, from which a portion only 
could be recovered, the bulk remained undissolved, and this 
was dissolved in boiling N/2HCI (800 c.c.), filtered, and the solu¬ 
tion allowed to stand, when beautiful brown-red needles separated 

( 6 gr-). 

Peonin chloride, C ;s H 3s 0 1(1 (il, readily crystallises from dilute 
hydrochloric acid (N/2) in the form of glistening brown-red needles 
(red-violet under microscope) which have the formula 

QsHjA.CI, 5H..0 

It melts, with decomposition, at 165° C. The hydrate loses most- 
of its water of crystallisation in a vacuum desiccator at room tempera¬ 
ture, and all when dried in high vacuum at 100° C. 

The salt is very easily soluble in cold water, and the aqueous 
solutions very readily decolorise on account of pseudo-base forma¬ 
tion ; it is somewhat less soluble in absolute alcohol, the solutions in 
which also show decolorisation ; it is insoluble in acetone. In cold 
dilute hydrochloric acid it is difficultly soluble—1 litre of 1 percent. 
HC 1 dissolves 011 gr. at 20° C.—whilst it is insoluble in cold, 
but easily soluble in hot 2N/HCI. In 7 per cent, sulphuric acid it 
is less soluble than is cyanin chloride, and a solution of 7 mg. in 25 
c.c. rapidly deposits the greater part of the pigment in a crystalline 
form. 

Peonin chloride closely resembles cyanin chloride in many of its 
reactions; pseudo-base formation proceeds with the same velocity in 
•ach case; sodium carbonate produces a pure blue colour when added 
o an acid solution ; sodium acetate forms a fine violet, whilst caustic 
>oda gives a blue that changes to green on standing. The ferric 
thloride reaction of peonin chloride is however quite different from 
that given by cyanin chloride, as but little colour change occurs 
when the reagent is added to an alcoholic solution of peonin chlo¬ 
ride, though on addition of water a violet colour appears. The 
two colouring matters differ also in their solubility in water and in 
alcohol, and in . the colour of their solutions in alcohol, peonin 
chloride being more red than cyanin chloride. 

On hydrolysis the salt yields peonidin chloride (1 mol.) and 
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glucose (a mok,), and, lie cyanin chloride, it is optically active. This 
following data have been recorded by Willstatter and Nolan 

Solution in 0-05 per cent. HC 1 , white light as for cyanin chloride 
W - ~ (± 5 °)- 

Ptonin picrate may be prepared by the addition of an aqueous , 
solution of picric acid to a suspension of the chloride in water. The 
chloride first dissolves, and, on standing, the picrate crystallises out 
in the form of red-brown (under the microscope red-violet) needles. 

Delphinidin and its Derivatives. 

Glucosides of delphinidin have been isolated from various kinds 
of grapes, from the berries of Ampclopsis, of Vitis riparia, and of the 
bilberry ( Vaccinium myrtillus, Linn.), also from the flowers of the 
hollyhock (Althac rosea), delphinium ( Delphinium consoliia , Linn.), 
petunia ( Petunia hybrida hort.), wild mallow (Malva silvcstris , 
Linn.), and viola ( Viola tricolor), but it is of interest to note that 
except in the case of the colouring matters of the delphinium and 
viola, all the pigments are glucosides of mono- or dimethyl ethers 
of delphinidin, and not of free delphinidin. 

Delphinidin has been isolated in the form of its crystalline picrate, 
iodide, sulphate, and chloride, most frequently as chloride, and also 
as the colourless p-eudo-base. The chloride has been obtained in 
no less than four distinct hydrated forms containing iH 2 0 , i-£H 2 0 , 
jHjO, and 4H,,0 respectively. The anhydrous chloride has been 
shown to possess the.structure— 

9 OH 

0 I 

HO— /N^ ^C— <^>— OH 

y% c/ c-0H i H 
Ah I 

Delphinidin chloride has been prepared by Willstatter and his 
: collaborators by the hydrolysis of delphinin and violanin. For this 
purpose these glucosides were first dissolved in hot dilute hydro¬ 
chloric acid (o'4 gr. in 10 c.c. of o's per cent. HCI), the solution 
when boiling mixed with concentrated hydrochloric acid (la c,c.) 
ami the mixture boiled for two minutes. On cooling in contact with 
ice,' the chloride separated, and was purified by recrystallisation. This 
process, which differs somewhat from that used for the preparation 
of pelargonidin and cyanidin from their glucosides, was adopted 
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to avoid s too prolonged action of the acid, whereby amorphous 
decomposition products are formed, Willstatter and Weil also 
prepared this compound by first forming the iodide by boiling with 
hydriodic acid as if for a Zeisel estimation, followed by conver¬ 
sion of that salt into the chloride by means of silver chloride in 
'alcohol. It has also been obtained from the mono- and dimethyl 
ethers of delphinidin, resulting from the hydrolysis of their naturally 
occurring glucosides, by converting the delphinidin iodide, resulting 
from the Zeisel methoxy determinations of these, into the chloride 
as stated above. 

A solution of the chloride in water readily passes through the 
violet colour base to the pseudo-base, a change that also takes place 
when warm water is added to an alcoholic solution of the chloride. 
A concentrated aqueous solution soon deposits the colour base as a 
flocculent violet precipitate. 

Delphinidin chloride is easily soluble in methyl or ethyl alcohol, 
giving beautiful purple-coloured solutions; it is fairly soluble in amyl 
alcohol and passes completely from aqueous acid into amyl alcohol; 
it passes appreciably from an aqueous solution—less so from dilute 
acid solution—into ethyl acetate, and even ether will take a small 
fraction from an aqueous solution—particularly on addition of calcium 
carbonate—but dilute acid removes all from the ether. 

Anhydrous delphinidin chloride does not melt below 350” C. 

Willstatter and Weil describe the preparation and properties of 
the various hydrates of delphinidin chloride, viz.:— 

CisHnO-Cl, H 2 0 .—This hydrate was formerly obtained by allow¬ 
ing a solution of the pigment in dilute hydrochloric acid to stand 
over concentrated hydrochloric acid, when as the acid became 
gradually concentrated, crystals of the compound were deposited. 
As this hydrate separated when the concentration was about 3'4 
per cent. HC 1 , and even at 5 per cent. HC 1 a totally different 
hydrate commenced to separate, it was difficult to obtain a pure 
product in this way. Regular yields of pure product were obtained 
by dissolving o’4 gr. of the pigment in 5 c.c. of 0-5 per cent. HC 1 , 
adding 1 c.c. of 20 per cent. HC 1 , and keeping for several days in a 
dosed vessel—to prevent evaporation, hence concentration—in an ice 
rpotn. The crystals thus produced were homogeneous, thin, sharply 
cat rhombic tablets of a deep violet colour; they lose all their water of 
crystallisation on drying in a vacuum desiccator at room temperature* 
and reabsorb the same amount on standing in the air. In 0*5 pet 
cent. HQ the compound is very easily soluble, in 3—5 per cent, 
still easily soluble. An interesting change occurs when it is added 
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to 5 per cent. HC 1 —at first the solid readily dissolves, producing 
dark streaks in the liquid, soon, however, the liquid gets lighter, 
then no further solid dissolves and the liquid deposits fine brown 
needle-like crystals, and, in about half an hour, the liquid becomes 
colourless. The undissolved solid gradually changes in appearance 
and finally consists of jagged crystals resembling aggregates of thin 
prisms. A very similar transformation takes place when sulphuric 
acid is used, the compound first dissolving, and then being rede¬ 
posited in the form of fine prisms. 

C ls H u C>7Cl, i^H-O separates from hydrochloric acid of more 
than 20 per cent, concentration, and may be prepared by dissolving 
0'4 gr. of pigment in io c.c. water, and adding 15 c.c. of concentrated 
hydrochloric acid—all at once—whereupon an amorphous precipi¬ 
tate separates, which changes in the course of a few hours into small 
crystals. This hydrate loses all its water when dried in a vacuum 
desiccator at room temperature. 

CijHuOjCI, 2HjO is the hydrate that separates on adding 
aqueous acid (7 per cent, to 20 per cent. HC 1 ) to an alcoholic 
solution of the pigment, and allowing the alcohol to evaporate. It 
forms aggregates of prismatic tablets which are difficultly soluble 
in 5 per cent. HCI, fairly soluble in hot but insoluble in cold 7 per 
cent, sulphuric acid. These lose all their water of crystallisation 
when dried in vacuum desiccator, and the product reabsorbs water 
when left in the air. 

Ci 5 H u 0 jC 1 .4H 2 0 separates from 5 per cent, hydrochloric acid 
and is conveniently obtained by dissolving o'3 gr. of the pigment in 
5 cc. of o'5 per cent. HCI and adding i'S c.c. of 20 per cent. 
HCI. Crystallisation commences after standing a few hours, and 
practically all the pigment separates in the form of fine prisms and 
needles which form a chocolate-brown mass with bronze reflex, 
which, on account of its woolly nature, is difficult to powder. The 
compound loses all of its water on drying in vacuum desiccator at 
room temperature. 

Note .—As distinct from these hydrates, Willstatter and Mieg 
previously described crystals of delphinidin chloride which lost 4'6 
per cent, water in vacuum desiccator, and a further 4’5 per cent, in 
high vacuum at 105“ C. Willstatter and Weil state that this is 
not incorrect, as crystals are indeed frequently met with that do 
behave thus, but that they have not been able to ascertain the con¬ 
ditions necessary for their formation. Crystals that behave thus are 
usually needle-like in form. 

Willstatter and Mieg record the following reactions of delphinidin 
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chloride: An acidified solution Otj addition of sodium carbonate gives 
a violet, Jhen blue coloration which is unstable; lead acetate produces 
a blue precipitate; sodium bisulphite forms a colourless, soluble 
product that is decomposed by dilute hydrochloric acid with liberation 
of the pigment; ferric chloride, on addition to an alcoholic solution, 
. 8' ves a fine intense and stable blue coloration, but on dilution with 
water this changes to an unstable violet; Fehling’s solution is vigor¬ 
ously reduced, even when cold. 

Zeisel estimations proved the absence of niethoxy groups in the 
compound. When decomposed by means of 75 per cent, caustic 
potash at 250° C., delphinidin chloride is stated to yield phloroglucinol 
and pyrogallol, together with a small amount of gallic acid, but owing 
to the small quantities available, Willstatter and Mieg state that the 
identification of these products is incomplete. 

The absorption spectrum of delphinidin chloride is described as 
consisting of one band in the yellow and green, which is fairly well 
defined, more so when long columns are examined than when 
shorter ones are used. The data given are :— 

Solution in ethyl alcohol, 1 mol. in 2500 litres— 

Column 2 5 mm. 595 . . 590-529 . 512 

» S'o „ 603 . . 598-500 . . 493 

Solution in ethyl alcohol, 1 mol. in 12,500 litres— 

Column 2-5 mm. 581 . . 546 

.. S'o » 587 .. 582 ... 550 . 533 

Delphinidin sulphate separates in the form of characteristic long 
prisms when solutions of the pigment in hot dilute sulphuric acid are 
allowed to cool. 

Delphinidin iodide is deposited from a boiling mixture of phenol 
and hydriodic acid as brown glistening prisms and pointed leaflets. 
By solution in acidified alcohol and treatment with precipitated 
silver chloride and a trace of silver, it is converted into delphinidin 
chloride. 

Delphinidin picrate crystallises in fine red-brown needles and 
prisms, and is difficultly soluble in water. 

Delphinidin pseudo-base, C 15 H|j0 8 , —This compound, which is 
characterised by considerable crystallising power, was prepared by. 
Wdlstitter and Mieg in the following way: 1 gr. of delphinidin 
chloride was warmed rapidly with litre of water to the temperature 
of the water-bath. After quarter of an hour—when the liquid had al- 
rt&dy become much lighter— 2 gr. sodium phosphate (primary) were 
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added and this brought the change rapidly to completion. The 
solution was cooled, saturated with ammonium sulphate, and extracted 
with ether; the ether extract, which contained a small quantity of 
unchanged substance, was washed with a few c.c. of dilute hydro¬ 
chloric acid, then with water, dried over sodium sulphate, and eva¬ 
porated in vacuo . The product thus obtuiued was slightly brownish 
in colour, but was readily recrystallised from ether, or from water, 
when the base separated in the form of colourless prisms. The 
substance must be protected from acid fumes, or from glass vessels 
possessing an alkaline reaction. 

When heated to 120—130° C. the substance is rapidly coloured 
violet, whereas at higher temperatures it becomes darker and gradu¬ 
ally sinters. It is easily soluble in ethyl alcohol, acetone, ethyl 
acetate, and glacial acetic acid; in ether it is somewhat more difficultly 
soluble, and insoluble in benzol; from solutions in glacial acetic 
acid, fine needle-like crystals separate on the addition of toluol 
This pseudo-base is stable when in dry crystalline form, also in dilute 
aqueous, or ether, solution; in aqueous sodium carbonate it dissolves 
with a yellow colour, which is fairly stable. Mineral acids convert it 
intp the coloured salt, a solution in cold 7 per cent, hydrochloric 
acid becoming intensely red in a few hours, whereas, if boiled, this 
change occurs in a few minutes. 

Derivatives of Delfhinidin. 

Monomethyl ethers, and their glucosides, see p. 315. 

Dimethyl ethers, and their glucosides, see p. 327. 

Disaccharides of delphinidin: violanin and delphinin. 

RlUMNOGLUCOSIDK. 

Violanin. 

Violanin, the colouring matter of the blue-black pansy (Viola 
tricolor ), has been isolated and examined by Willstatter and Weil 
(Annalen, 1916, 412, 178), whose investigations are, however, as yet 
incomplete. The petals used contained as much as 24 per cent, of 
‘ dry weight of violanin, being the richest in colour content of 
til the flowers of the anthocyan pigments which have as yet been 
examined. In order to prepare it the fresh petals were employed. 
Although glacial acetic acid vas first used for extraction, it Was 
found that 2 per cent, methyl alcoholic hydrochloric acid gave the 
beet results, both as to completeness of extraction and purity of the 
crude product obtained. The petals (too gr.) were extracted with 
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tMs medium (i Ijtre), filtered After {standing two hours, the residue 
washed with a smaller quantity '(too cc.) of the solvent, and the 
filtrate mixed with two and a half times its volume of ether, whereby 
the pigment was precipitated as chloride (4—5 gr.). By dissolv¬ 
ing (10 gr.) this in o-oi per cent, hydrochloric acid (*50 c,c.), 
adding alcohol (100 c.c.), then 4 per cent, hydrochloric acid (350 
C.C.), and allowing to stand for several days in covered vessels, 
the salt crystallised out, and when purified formed six-sided, or 
tetrahedral tablets of a blue-violet colour, having a greenish me¬ 
tallic lustre. It is stated that in the recrystallisation, acetone 
can, with advantage, replace the alcohol. Vioianin has also been 
isolated by Everest (Proc. Royal Soc,, 1918, B) from dried purple- 
black violas (Sutton's “ Black Knight "), and evidence was obtained 
that a glucoside of myricetin is also present in these flowers. 

Vioianin chloride, (C 2 7H 31 0 18 C1 ?), as crystalline hydrate, loses 
about 15—16 per cent, of water (= 6 H 2 0 ) when dried in a vacuum 
desiccator, and a further 2^5 per cent, in high vacuum at 105’C. 
When completely dehydrated it loses hydrochloric acid, as is 
the case also with delphinidin and petunidin chlorides, and al¬ 
though Willstatter and Weil—following their usual practice in such 
cases—calculated their analytical figures to the chlorine-free base in 
order to eliminate this difficulty, their results were not in satisfactory 
agreement with the formula C 2r H M 0 „i, which corresponds to that 
of simple rhamnoglucoside of delphinidin. Moreover, although 
they were able to show that on hydrolysis vioianin chloride yielded 
delphinidin chloride (r molecule), rhamnose, and glucose, they were 
not able to obtain figures sufficiently in agreement with the pres¬ 
ence of 1 molecule each of the sugars, to satisfactorily settle the 
composition of this pigment. In view of the low rhamnose con¬ 
tent found when estimated by Tollens’ method, the pigment was 
carefully fractionally extracted from an aqueous acid solution by amyl 
alcohol, to find whether there was a mixture of rhamnoglucoside 
and diglucoside present, bqt the results proved that the substance 
was homogeneous. 

Solutions of vioianin chloride are bluer than those of malvin 
chloride, and closely resemble those of delphinin chloride, but they 
show decolorisation with formation of pseudo-base, which does not 
occur with solutions of delphinin chloride. Its solutions in water 
are bluish-red; in alcohol violet-red. 

This salt is very soluble in acidified methyl alcohol, only fairly so 
in ethyl alcohol; in water it is difficultly soluble; in 0-15 per cent 
hydrochloric add it is very easily soluble, in o'5 per cent still fairly 
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so, but os the per cent, of HC 1 increases, the solubility decreases, till 
in i per cent. HC 1 it is only little soluble, and in 5—12 per cent, 
almost insoluble. Curiously enough in 20 per cent, it is again ap¬ 
preciably soluble, and is easily so in concentrated hydrochloric acid. 
In dilute sulphuric acid (o'os—7 per cent, and higher) it is practi¬ 
cally insoluble, and a warm, saturated solution deposits the colouring 
matter completely on cooling. 

An acid solution turns blue when sodium carbonate, or caustic 
soda, is added, and its solution in aqueous sodium phosphate (ordin¬ 
ary) is likewise blue. When ferric chloride is added to an ethyl 
alcoholic solution, it gives a blue coloration, 

Violanin chloride, like the rhamnoglucoside anthocyans, kera- 
cyanin and prunicyanin, behaves, in regard to distribution between 
amyl alcohol and dilute acid, very much more like a normal mono- 
glucoside than as a diglucoside, and it is stated to have a distri¬ 
bution number approximating to that of a normal monoglucoside. 
That this is not due to admixture of monoglucoside was shown by 
Willstatter and Weil by fractional extraction with amyl alcohol, and 
quantitative hydrolysis of the fractions of the pigment thus obtained. 

Violanin picrate has been prepared by dissolving violanin chloride 
in ten times its weight of hot o-or per cent, hydrochloric acid, and 
adding to the solution finely divided picric acid. On cooling, a 
mass of fine cherry-red needles separates, which, when dry, forms a 
copper-red mass. The picrate is fairly soluble in water. 

Complex Dighjcoside. 

Delphinin. 

Oelphinin, the pigment of wild purple delphinium (Delphinium con• 
solida, Linn.), has been investigated by Willstatter and Mieg (Annalen, 
1915,408, 6r). It is present in the flowers to the extent of about i| 
per cent, of the dry weight, and it has been shown that it occurs as 
the free colouring matter, neither combined with alkalis as a salt, nor 
with acids as an oxonium compound. It is very interesting to note 
that delphinin differs from all the other anthocyanins that have yet 
been isolated, in that dilute neutral solutions of its salts, or of the 
free base, have never been observed to pass to the pseudo-base, 
and it is this stability of the colour base that made it possible for 
Willstitter and Mieg to isolate it from the flower petals without 
the use of any chemical reagents, alcohol alone of various con¬ 
centrations serving this purpose. The process was long and tedious, 
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but consisted in the main of repeated solution of the crude 
pigment in alcohol of such a concentration that a certain portioit 
of the impurities remain insoluble, separation of these from the 
liquor—usually by means of a Jouan “Bol" centrifuge*—and 
reprecipitation of the colour by increasing the concentration of 
the alcohol. After use had been made of this, the pigment was 
sufficiently insoluble in water to allow of its treatment for the 
removal of impurity. Their final product was free from acid and 
almost free from ash (0 5 per cent, ash, as sulphate), and hence 
was either the colour base, or an internal salt of it. 

Delphinin was, however, best isolated as the chloride. The 
colouring matter, after one precipitation from dilute alcohol, followed 
by one purification with water, was dissolved in twenty times its weight 
of o - 2 per cent, hydrochloric acid, the solution filtered, and 20 per 
cent, hydrochloric acid added, when the chloride separated out in a 
■ sufficiently pure condition for crystallisation. It is stated that an alter¬ 
native method—working as chloride from the start—is more con¬ 
venient and rapid; the petals being extracted with ethyl alcoholic 
hydrochloric acid—3 kg. with 10 litres of solvent (7-5 litres of 96 
per cent. EtOH, 15 litres cone. HC 1 , and r litre of water) (as this 
caused no swelling of the dry petal powder, much larger batches 
could be worked than when dilute alcohol was used for extraction, 
and again filtration was possible without the addition of sand)—and 
the residue after filtration washed with 3 litres of the same solvent. 
The intense red extract (9 litres), when mixed with an equal volume 
of ether, deposited the pigment as a syrup which, after decantation 
of the liquors, was rubbed with alcohol to dehydrate it, then dis¬ 
solved in methyl alcohol (1 5 litres), and the pigment precipitated 
as a powder by the addition of absolute alcohol (3 litres) and ether 
(2 litres). The product was redissolved in methyl alcohol (r litre), 
filtered, and reprecipitated by the addition of absolute alcohol (1^ 
litres) and ether. After drying the substhnee was dissolved in hot 
* per cent, hydrochloric acid (250 c.c.), warmed for half an hour 
on the water-bath, cooled, and the colouring matter precipitated by 
the addition of 10 per cent, hydrochloric acid (1-3 litres). Following 
upon this purification, it was redissolved in cold methyl alcohol (400 
c.c.) and reprecipitated by addition of absolute alcohol (£ litre) and 
ether (several times its volume). 

* The use of this machine for this purpose in connection with the antho- 
cyans was introduced by Willstatter and Everest, who employed it for the «■ * 

peated fractionation of the blue corn-flower pigment. It is very doubtful whether 
without its use their work could have been brought to a successful conclusion. 
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The product obtained by either of the above processes was 
crystallised by adding; the finely powdered pure amorphous product 
(6 gr. to 400 c.c.) to 3 per cent, hydrochloric acid and warming in 
an open beaker, with frequent stirring, for i-J hours, when it was 
completely converted into crystalline aggregates consisting of tablets 
and prisms, which were collected, washed with 3 per cent, hydro¬ 
chloric acid, and dried. If larger volumes of hydrochloric acid were 
used, the size of crystal was larger, but the yield was decreased. In 
the best cases, about 70 per cent, of the weight of the product taken 
was thus obtained in the crystalline form. 

Delphinin chloride , C 4 iH 39 0 21 C 1 , as crystalline hydrate appears 
to contain 12 molecules of water, and on drying in high vacuum at 
130° C. passes to a product for which the composition 

C u H 3 AA 2H..O 

is' given, but owing to the fact that some hydrochloric acid was lost 
on drying, the analytical figures had to be calculated to the acid-free 
product. It was not found possible to remove the water thus 
assumed to remain attached to the molecule. The crystalline sub¬ 
stance (i2H 8 0) consists of prismatic tablets of deep brown-red 
colour (by transmitted light under microscope bluish-red), having 
a surface shimmer (mattem Samtglanz ); the crystals are soft, and 
mark paper cherry-red. The dried product (2H.0), when heated, 
commences to sinter at 150—■160° C., and melts with much decom¬ 
position and. swelling at 200—203° C. 

On adding water to the crystalline chloride it is immediately 
converted, by hydrolytic dissociation, into the colour base, which 
separates in the form of deep violet flakes. Formation of the colour¬ 
less pseudo-base has never been observed with solutions of delphinin, 
or of its salts. 

The chloride is fairly easily soluble in cold methyl alcohol, but diffi-. 
cultly soluble in absolute ethyl alcohol, even when warm; the alcoholic 
solutions are intense red, with bluish tinge, and solutions in fairly 
dilute ethyl alcohol (e.g. 50 per cent.) become much more blue 
when heated, returning to their original colour when cooled. It 
is insoluble in amyl alcohol, and is easily soluble in cold hydro¬ 
chloric acid, up to o'5 per cent. HC 1 , but only soluble in hot acid 
containing 1—2 per cent. HC 1 . In dilute sulphuric acid it is very 
little soluble (concentrations varying from 0-03—7 per cent), but in 
concentrated sulphuric acid it is readily soluble forming an orange- 
red solution. 

Acid solutions of the chloride are bluer than similar solutions 
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of oeriin, myrtilBn, and althein chlorides, and are much more in- 
tense in colour than corresponding solutions of cyanin chloride. 

When sodium carbonate is added to an acid solution of delpbinin 
chloride it produces a deep blue coloration, which is stable for hours 
in the cold, and in absence of excess of alkali, but on warming 
passes through green to yellow, whereas caustic soda produces the 
same changes, but more rapidly. Acidification of the yellow solution 
does not reproduce the anthocyan. Lead acetate gives an indigo- 
blue coloured flocculent precipitate when added to a solution of the 
salt; alcoholic or aqueous ferric chloride an intense blue solution, 
and sodium bisulphite forms a very soluble colourless compound, 
which is decomposed by acids with reproduction of the pigment. 
Fehling’s solution is noticeably reduced if hot. 

Delphinin chloride is optically active, and Willstatter and Mieg 
record the following measurements:—- 

White light (£ watt Osram lamp 20 cms, distant). Solution in 1 per 
cent. HC 1 , 1 dcm. tube [a] ■» - 1231°; dcm. tube [a] = - 1439°; 
mono-chromatic light (solutions used above had to be diluted to four 
times its original volume) 

Me = - 1364 ° (± >5°°); t«l.M = - 22 73° (± I5° 0 )- 

The absorption spectrum is described by the same authors as 
consisting of one band that ends very indistinctly, and which differs 
from that of cyanin chloride in that it does not reach the blue region. 
The data given are: Solution in 0 25 per cent. HC 1 , 1 mol. in 2500 
litres— 

Column 2‘S mm. 575. 538- 515-495 

» 5'° 586 • • • 545 - 5 12 • 49° 

Delphinin chloride is only slowly hydrolysed by boiling dilute 
hydrochloric acid, but rapidly by 20 per cent, acid, and in view of 
the fact that the acid, beyond causing hydrolysis, gives rise to 
amorphous products, it is advantageous that the operation be 
carried through as rapidly as possible (3 mins.) and the mix¬ 
ture cooled at once. The products of hydrolysis are delphinidin 
chloride (t mol.), glucose (2 mols.), and p-hydroxy bentoic acid (2 
mols.). In order to confirm this result and to see whether the 
/-hydroxy benzoic acid was a regular constituent of the pigment, 
the flowers from several sources, and three different harvests, 
1911—1913, were examined by these authors, and in every cue 
the same result was obtained. Willstatter and Mieg express, the 
opinion that the /-hydroxy benzoic acid in delphinin is attached 
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to the glucose molecules, and not to the phenolic hydroxyl groups 
of the pigment complex. 

The distribution number of delphinin resembles that of a normal 
diglucoside. 

Delphinin colour base is readily produced by adding water to the 
chloride, and thus separates as a deep violet flocculent precipitate. 
It is difficultly soluble in boiling methyl alcohol, and insoluble in 
ethyl alcohol, but dissolves in very dilute ethyl alcohol, or acetone, 
forming blue-violet solutions. When a solution in dilute alcohol is 
kept under a bell-jar over absolute alcohol, whereby the alcohol 
concentration slowly increases, the colour base is deposited in the 
form of rosettes of microscopic violet coloured needles. 

Delphinin picrate, a difficultly soluble compound, was prepared 
as a brown-red flocculent precipitate by Willstatter and Mieg, but 
was not obtained in a crystalline condition. 

The Methyl Ethers or Delphinidin. 

The investigations of Willstatter and his collaborators have thus 
far resulted in the isolation of three monomethyl ethers—possibly a 
fourth—and two dimethyl ethers of delphinidin, together with the 
glucosides derived from them. The monomethyl ethers have been 
designated ampelopsidin, myrtillidin and petunidin , being, respectively, 
the products of hydrolysis of the glucosidal pigments of the fruits of 
Ampelopsisquinquefolia, Michx. {Vitis hederacea, Ehrh.), and bilberry 
(Vaccinium myrtillus , I,inn.), and of the flowers of the petunia, whilst 
the product similarly obtained from the fruit of Vitis riparia , Michx. 
{odoratissima, J. Don) is either a fourth monomethyl ether, or is 
identical with myrtillidin, the evidence available being insufficient for 
a final decision. The dimethyl ethers are known as malvidin and 
oenidin, and have been obtained from the violet flowers of the wild 
mallow (Malva si/ves/ris, Linn.) and the fruit of the black North 
Italian grape respectively. 

There are five possible formulae for the monomethyl ethers of 
delphinidin chloride, viz.:— 


Cl OH 




yPYRA/f GROUP 



Cl Oil 



and it has been possible to assign, with some degree of certainty, 
the formula; (i), (2), and {3) to compounds that have been already 
isolated. In this connection the chief evidence utilised has consisted 
of the presence, or absence, of a methoxy group in one or other of 
the products of alkaline decomposition—e.g. whilst neither myrtillidin 
nor petunidin yields a methyl ether of phloroglucinol, the methoxy 
group can be detected in the acid product from the other half of the 
structure. Further, the examination of the behaviour of the various 
compounds with ferric chloride has proved of importance. 
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In such a way formulae (i) and (a) have been given, at least 
tentatively, to myrtillidin and petunidin chlorides (though it has 
not been possible to state which is applicable to either), and for¬ 
mula (3) to ampelopsidin. This latter suggestion is interesting 
in view of the fact that alkali decomposition of the compound has 
not been carried out, but, as the salt shows but a very weak ferric 
chloride reaction, there is reason to assume that (3) represents this 
monomethyl ether of delphinidin. The anthocyanidin from Vitis 
riparia , which possesses very stiong ferric chloride reaction, will, if 
it proves to be different from myrtillidin, be represented either by 
(4) or (5). 

Theoretically, there are eleven possible dimethyl ethers of del¬ 
phinidin, but, thus far, only two have been isolated, viz. oenidin and 
malvidin. To these the respective formulae (1) or (2), and (3) or (4), 
have been given tentatively by Willstatter and his collaborators— 
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HO—, 


a 

J\ c- 


OH 



-OCH, 


O 

CH, 


V/ C ~ 0H bn 
I 

H 


The analytical data point very strongly to the presence of small 
amounts of dimethyl ethers in most of the monomethyl ethers, as 
at present purified, and of some monomethyl ether in the dimethyl 
ether oenidin, but, on the other hand, petunidin and malvidin give 
figures that point to their being pure substances. The monomethyl 
ether presumed to be present mixed with oenidin is apparently 
ampelopsidin. 


Dklphinidin Monomethyi, Ethers and thkir Derivatives, 


Ampelopsidin. 


Ampelopsidin chloride, C 1( |H )3 0 7 C 1 , has t>ecn prepared by Will- 
statter and Zollinger (Annalen, 1916, 412, 216), by hydrolysis of 
its glucoside ampelopsin, and to it they tentatively ascribe the 
following structure 


Cl 


OH 



It forms a crystalline hydrate which separates in prisms, but the 
specimens prepared contained varying amounts of water of crystal¬ 
lisation. It is very easily soluble in 1 per cent, hydrochloric add, 
easily so in 3 per cent., but difficultly soluble in 5 per cent, acid; in 
y per cent, sulphuric acid it is easily soluble. When ferric chloride 
is added to an alcoholic solution, a violet-blue coloration is produced, 
whilst, in aqueous solution, the colour is red-violet. In neither case 
is the colour of great intensity, and in this respect, this substance 
differs from myrtillidin, petunidin, and the anthocyanidin from Vita 
riparia. Zeisel estimations give values that are rather high for the 
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presence of one methoxy group in the molecule. The examination 
of ampeiopsidin chloride has not yet been completed. 

Ampklopsin. 

Ampdopsin —monoglucoside of ampeiopsidin—is the pigment of 
the berries of Ampelopsis quinquefolia , Michx. ( Vitis hcderacea , Ehrh.), 
and has been isolated and partially examined by Willstatter and 
ZoHinger. 

Although the pigment permeates the whole fruit, it is most con¬ 
centrated in the skins, and these only were used for the extraction, 
which was carried out with glacial acetic acid. After precipitating 
the extract by means of ether, the moist precipitate was dissolved in 
methyl alcoholic hydrochloric acid, and reprecipitated with ether, 
this treatment being followed by solution in hot o'i per cent, hydro¬ 
chloric acid, and formation of the picrate by adding powdered picric 
acid to the filtered liquid. 

This conversion was performed rapidly, and with small quan¬ 
tities, and the solution when cooled deposited the picrate in the 
crystalline condition as carmine-red needles. When this product 
was dissolved in 3—4 per cent, methyl alcoholic hydrochloric acid, 
and ether added, ampeiopsidin chloride separated in an amor¬ 
phous form, but, when this was dissolved in aqueous alcoholic 
hydrochloric acid (20 parts water, 10 of ethyl alcohol, and 7 of 
35 per cent. HC 1 ), and after several days the concentration of the 
alcohol increased, the chloride separated in long ithin prisms having 
a brown-green reflex.* 

Ampdopsin chloride , C 22 H 23 0 12 C 1 , forms a crystalline hydrate, 
which has the composition C a2 H 23 0 i 2 Cl, 4H 3 0. 

The chloride is easily soluble in acidified methyl or ethyl 
alcohol, and resembles oenin in its solubility in dilute acids. 

When an acid solution is treated with sodium carbonate, a stable 
blue-violet to violet coloration (depending upon the concentration of 
the solution) is produced, whilst caustic soda gives a fairly stable 
blue colour (difference from myrtillin). Ferric chloride produces a 
Weak colour reaction (violet) in aqueous solution, and a good violet 
in alcoholic solution (difference from myrtillin and petunin chlorides 
and Vitis riparia pigment). 

* Wlllatitter and Zollinger mention that this crystallisation process may 
cause the production of a monoglucoside from a diglucoside, but it would appear 
that tests of the distribution number before and after crystallisation should settle 
this point—which is important as regards our knowledge of the actual condition 
of the natural pigment. 
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The distribution number is 9-8, hence is that of a normal mono- 
glucoside anthocyan, and hydrolysis of the salt produced amfelopsiiin 
chloride (1 mol.) and glucose (r mol.). Zeisel estimations showed the 
presence of a methoxy group, but the figures obtained—like those 
for the non-glucoside—were high, and suggest the presence of a 
dimethyl ether as impurity. 


Myrtillidin, 


Myrtillidin has been isolated in the form of its crystalline chloride, 
by hydrolysis of its monosaccharides myrlillin and altliein, in the 
former of which it occurs combined with galactose, and in the latter 
with glucose. 

Myrtillidin chloride crystallises in clusters of deep brown prisms 
which have a fine greenish reflex, or (from 3 per cent. HC 1 ) in red- 
brown blunt prismatic tablets, which have the composition— 
C„H u OA 4 H 2 0 

On drying, like several similar compounds, it loses a portion of its 
hydrochloric acid, but, by calculating their analytical figures to the 
chlorine-free base, VVillstatter and Zollinger obtained values in agree¬ 
ment with C m Hi 2 0 7 , which corresponded to an anhydrous chloride 
C J4 H u 0 7 CI. Estimations of the methoxy group showed that one 
such group was present in the molecule. The chloride probably 
has the structure— 


OH 



It has been shown that the methoxy group is not present in 
die portion of the molecule that yields phloroglucinol when the 
pigment is melted with alkali, and the intense character of its 
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reaction with ferric chloride is in harmony with either of Hie above 
formulas. 

Myrtillidin chloride, deposited from methyl alcoholic-aqueous 
hydrochloric acid, and washed with alcohol, is insoluble in cold 
3 per cent, hydrochloric acid, but very easily soluble in 0-5 per cent., 
but, after standing in the air, it becomes appreciably soluble in 
3 per cent. HC 1 also (difference from petunidin). If, after washing 
with alcohol, the chloride is dissolved in hot \ per cent. HC 1 and 
precipitated by addition of an equal volume of concentrated HC 1 , 
the product is also appreciably soluble in 3 per cent. HC! (petunidin 
chloride similarly prepared is insoluble). 

The salt is very easily soluble in ethyl alcohol, and on adding 
ferric chloride to the alcoholic solution, an intense blue coloration 
is produced. When myrtillidin chloride is demethylated, it yields 
dtlphinidin. 

Willstatter and Zollinger describe the absorption spectrum of this 
salt in alcoholic solution as consisting of one band which passes 
rather more into the orange than does that of oenidin, and has very 
ill-defined edges. For a solution of 0-007 g r - in 5 ° c - c - alcohol they 
recorded the following measurements:— 

Column 2-5 mm. 596.. 591 - 575 - --513,501 

„ 5 '° » 604.. 599 -493 . . . 487/455 

„ lo-o „ 609 .. 605 - 478 . .. to end of visible. 

Myrtillin. 

Myrtillin —a monoglucoside of myrtillidin—the pigment of the 
’fruit of the bilberry (Vaccinium myrli/lus, Linn.), has been, investi¬ 
gated by various workers. A. Andree (Archiv fur Pharm., 1879, 
13, 90) attempted to isolate the colouring matter of the bilberry, 
whilst Heise (Arbeits. a. d. K. Gesundht., 2894, ix., 478) prepared 
therefrom two coloured substances, both in an amorphous condition, 
ot» soluble in dilute acid, which he considered to be a glucoside, 
and a second insoluble in dilute aqueous acid, a non-glucoside, and 
related to the former as shown by the equation— 

CjqH^Ou 4 - H a O >= QHjaOfl + 

It remained for Willstatter and Zollinger (Annalen, 1913, 4081' 
83, and 1916,412, 205) to isolate the pigment in a pure crystalline : 
Condition, and to determine its relationship to the other colouring 
matters of this group. 

1 They utilised only the skins of the berries, and .these, after 
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pressing first in a wine press and then a hydraulic press, and 
drying, formed 6 per cent, of the weight of the berries. The 
extraction was preferably carried out by means of boiling alcohol 
(MeOH or EtOH), containing i or a drops of alcoholic hydro¬ 
chloric acid, and the extract was precipitated by ether (2 — 3 vols.), 
preferably after the addition of glacial acetic acid (a vols.), which 
caused the pigment to separate as a syrup. The crude product 
was then purified by solution in water and reprecipitation by means 
of concentrated hydrochloric acid, this process being repeated and 
followed by solution of the product in 2 per cent, methyl alcoholic 
hydrochloric acid and slow fractional precipitation by standing over 
ether under a bell-jar, or in a desiccator. In this way the product 
was obtained as fine red microscopic spheres, and was recrystallised 
by solution in methyl alcohol, addition of aqueous hydrochloric acid, 
and slow evaporation of the alcohol, when the chloride separated in 
the form of fine bronze-brown crystals (usually three-sided or rhombic 
tablets) which showed a green reflex. 

An alternative method of isolation involved the use of the picrate, 
which was prepared from the crude product by stirring this into a 
cold saturated solution of picric acid, when fine needles of the pic¬ 
rate separated. On treating this with methyl alcoholic hydrochloric 
acid, and precipitating with ether, the chloride was obtained. By 
again dissolving this in methyl alcoholic hydrochloric acid, adding 
concentrated acid to the solution, on standing the chloride separated 
in the micro-spherical condition, and could be crystallised as above 
stated. 

Myrtillin chloride , C 22 H 23 0 i 2 C 1 , forms a crystalline hydrate of 
the composition C al) H !3 0 i 2 CI, 4H s O, which loses 3^H s O when dried - 
in a vacuum desiccator, or in high vacuum at 50° C., but only gives 
up the last half molecule of water when dried in high vacuum at 
. 105° C. 

The chloride is very soluble in water, giving a brown-red solution, 
which, if dilute, becomes decolorised as the result of pseudo-base 
formation, a similar change occurring in dilute alcoholic solution, 
but more slowly. In absolute alcohol the salt is not easily soluble 
(difference from althein chloride), but in methyl alcohol it dissolves 
r&dily; in 7 per cent, sulphuric acid it is very easily soluble, as also 
inthe concentrated acid; in very dilute hydrochloric acid it is easily 
soluble, in 3 per cent less so, in 10 per cent, but little soluble, and 
in so per cent almost insoluble. 

When ferric chloride is added to an alcoholic solution, a fine 
bltte colour is produced, which on dilution with water changes to 
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blue-violet and is fairly stable. Caustic soda when added to an acid 
solution gives a pure blue colour that is unstable on dilution, whereas 
sodium carbonate produces only a blue-violet colour which is fairly 
permanent in these circumstances. Neutral, or basic, lead acetate 
produces a deep blue flocculent precipitate, and copper sulphate a 
dull red deposit when added to a solution of the salt. 

Willstktter and Zollinger described the absorption spectrum as 
consisting of a single broad band with ill-defined edges. They gave 
the following measurements for a solution of o'ois gr. in 50 c.c. of 
7 per cent. H 2 S 0 4 

Column 3-5 mm. 559.552... 543 - 491.. 481 

„ 5 '° » 587 • 574 • • 564 - 455 • • • to end of visible. 

The distribution number is to'9, which is very slightly higher 
than that of most monoglucoside anthocyans, and hydrolysis yields 
myrtillidin chloride (1 mol.) and galactose (r mol.). 

Myrtillin picrate, the preparation of which is described above, is 
difficultly soluble and crystallises in fine red needles. 

Ai.thaein. 

Althacin —a monosaccharide of myrtillidin—the colouring matter 
of the black malva (hollyhock) (Althai rosea, Cav.) has been the 
subject of investigation by several workers, and it would appear that 
some of the earliest chemical work on this pigment was encouraged 
by the Bavarian Government on account of the use then made of 
the pigment in that country for dyeing and printing (Bull, de la 
Soc<- d’encouragement, i860, 332; Polyt. Zentr., i860, 1540). In 
189a R, Gian (Diss. Erlangen, 1892) isolated a colouring matter 
from the flowers of the black hollyhock by means of the lead salt; 
he Considered this to be a glucoside, and by hydrolysis obtained a 
SUgar-free product, which later he also prepared by a direct treatment 
of the flowers with 30 per cent, sulphuric acid. He decomposed 
the sugar-free compound by melting with alkali, and stated that 
his products were catechol and protocatechuic acid. Later Grafe 
(Sitfber. d. K. K. Akad. d. Wiss. Wien,, 1906, 115, 975 ; and 1909, 
118, 1033) also attempted the isolation of this colouring matter, 
likewise making use of the lead salt. As a result he described two 
pigments, one a glucoside of a dibasic acid which contained an 
aldehyde group and had the composition CjoHsjOu, and the second 
a non-glucoside of the composition C u H u O g , which he considered 
to be related to the first in the following way 
320 
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GROUP 


ChHjoOh + H s O ** CtHyOi + C u H ls Oj (hypothetical) * 
then t aCjtH|gOt — aH $0 - Oj ■< aCuHtsOe- 


By the action of melted alkali on the latter he obtained hydroquinone 
and catechol. 

It was not, however, until Willstatter and Martin undertook the 
investigation of this pigment that a satisfactory chemical knowledge 
of its nature was gained. These authors (Annalen, 1915, 408, too) 
succeeded in isolating the colouring matter, as chloride, in a pure 
condition, and although their investigations were incomplete, de¬ 
scribed its more important properties and identified the sugar-free 
pigment produced from it by hydrolysis. They found that the pig¬ 
ment was present in the flowers only as glucoside. 

This was isolated from the dry commercial petals—"Flores 
malvae arboreae "—which contain about 11 per cent, of their 
weight of colouring matter. The best medium for extraction was 
cold methyl alcoholic hydrochloric acid (2 per cent. HC 1 ), and 
from the extract the crude pigment was precipitated by addition 
of ether. The process of purification adopted by these authors is 
stated to be open to improvement, but the best method described 
consists in converting the raw product direct into the picrate, which 
separates in a crystalline condition, rccrystallising several timer from 
water, reconverting the picrate into chloride by means of alcoholic 
hydrochloric acid and converting the resulting purified chloride into 
a crystalline condition by dissolving it in methyl alcoholic hydro¬ 
chloric acid, adding aqueous acid, and allowing the alcohol to 
evaporate slowly. The althaein chloride thus separated in the form 
of homogeneous crystals. 

Althaein chloride, C 22 H 23 O ia Cl, forms a crystalline hydrate which 
separates as regular brown-red prisms with bronze reflex. The 
specimens obtained by Willstatter and Martin appeared to contain 
varying amounts of water (to—15 per cent.), whereas CjjHjjOijCI, 
4 H ,0 , requires 12-28 per cent. 

The chloride is easily soluble in cold water, the solutions, which 
.are brown-red in colour, becoming colourless if diluted as the result 
of pseudo-base formation. In dilute hydrochloric acid (-J—a per 
cent) the salt is very soluble, in 5 per cent, still fairly soluble, but 
• the solubility decreases as the concentration of the acid is increased. 
Ini 7 per cent, sulphuric acid it is easily soluble; in glacial acetic 
add almost insoluble; in methyl alcohol the salt dissolves readily/ 
i» ethyl alcohol, less so. 


ii 


This equation of 0 rate's does not balance. 
3 ” 
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In alcoholic solution, ferric chloride produces an intense violet- 
blue coloration, which, on dilution with water, passes to violet, and 
these colours are less stable than those produced with myrtillin chlo¬ 
ride. With sodium carbonate, or with caustic soda, an acid solution 
gives a violet colour changing to blue. 

Its distribution number resembles that of other monoglucoside 
anthocyans, and on hydrolysis it yields myrtillidin (i mol.) and 
glucose (?) (i mol.). 

Althaein chloride is optically active, and Willstatter and Martin 
give the following values for a solution in ou per cent. HC 1 :— 

[®]ss» = ~ <>55°; [<*Jc = - 545°l 0]#*! = - 291 °. 

Althaein picrate is difficultly soluble, and can readily be crystal¬ 
lised from water. 


Petunidin. 

Petunidin, which occurs in the form of its diglucoside, petunin, 
in the flowers of the cultivated petunia, has been prepared by 
Willstatter and Burdick (Annalen, 1916, 412, 217). It is a mono¬ 
methyl ether of delphinidin, and resembles myrtillidin very closely. 
As with that compound, it was shown, by careful decomposition with 
alkali, that the methoxy group is attached to the acidic decom¬ 
position product, and not to the phloroglucinol nucleus. In view 
of the fact that petunidin, as also myrtillidin, yields an intense ferric 
chloride reaction, it is improbable that its methyl is attached to 

OH 

I 

the middle OH of the group ——OH 

Ah 

Hence it is considered that petunidin chloride has one, myrtillidin 
chloride the other, of the following structures, differentiation not 
being possible until further data are available:— 
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Petunidin chloride , C I# Hi 3 0 7 CI, prepared by the hydrolysis of the 
glucoside with aqueous hydrochloric acid, did not separate in cry¬ 
stalline form, but was obtained so by solution in warm dilute 
hydrochloric acid, precipitation by the addition of concentrated 
acid, resolution in methyl alcohol, addition of 7 per cent. aq % 
HC 1 , and crystallisation by allowing slow evaporation to take place. 
If, however, petunin chloride was hydrolysed by warming with 30 per 
cent, ethyl alcoholic hydrochloric acid, 'then 3 per cent, aqueous 
acid added, and the alcohol allowed to evaporate, petunidin chloride 
separated as clusters of thin grey-brown prisms. From a solution 
in o'S per cent, hydrochloric acid, on addition of 20 per cent acid, 
the chloride was deposited in the form of grey-brown pointed rhombic 
leaflets (under these conditions myrtillidin chloride separates as fan¬ 
like aggregates of brown-red prisms). Petunidin chloride is obtained 
from 3 per cent. HCI, by slow' evaporation, in bundles of long thin 
yellow-brown prisms, whilst myrtillidin chloride forms blunt red-brown 
prismatic tablets. Petunidin chloride differs from myrtillidin chlo¬ 
ride in the form of its crystals, in the composition of its hydrates, 
and in its solubility. 

When crystallised from hydrochloric acid it has the composition 
CuHuOxCl, 2 H./J, and most of this water is lost in a vacuum 
desiccator, the remainder being evolved in high vacuum at 105” C. 

In the table on the next page are shown some of the differences 
between petunidin chloride and myrtillidin chloride to which Will- 
stutter and Burdick have drawn attention. 

Petunidin chloride is very easily soluble in ethyl alcohol. As 
isolated from methyl alcoholic-aqueous hydrochloric acid it is easily 
soluble in 4—1 per cent, hydrochloric acid, and appreciably soluble 
in 3 per cent, add, but on standing this solution redeposits the salt 

Zeisel estimations showed the presence of one methoxy group in 
the molecule, and by converting the crystalline iodide thus obtained 
into the chloride a product was isolated identical with the del- 
phinidin chloride obtained from violanin, oenidin, etc. For proof 
of its identity, its hydrate, crystalline form, colour of add solution 
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Treatment before Teat. 

Petnnidln Chloride. 

MyrtiBldta Chloride. 

In 0*5 per 
cent. HC1. 

In 3 per 
cent. 8 CI. 

In o *3 per 
cent. HCL 


Deposited from MeOH 
— H,0 — HC1, then f 
washed with EtOH . 

Insoluble 

Insoluble 

Easilv 

soluble 

Insoluble 

Same as above, after 
standing in air . 

Asa 

50ve 

Easily 

soluble 

Appreciably 

soluble 

Crystallised from HC1 . 

Easily 

soluble 

Insoluble 

Easily 

soluble 

Appreciably 

soluble 

Crystallised from MeOH 
and HC1 

Easily 

soluble 

Appreciably 

soluble 

Easily 

soluble 

Fairly easily 
soluble 


in alcohol, solubility in dilute hydrochloric acid and in 7 per cent, 
sulphuric acid were examined. 

Petunidin chloride differs from most of the monomethyl ethers 
of delphinidin that have been isolated, in that methoxy estimations 
show it to be homogeneous, no admixture of a dimethyl ether being 
present. 

When petunidin chloride was carefully decomposed by hot caustic 
soda, one product consisted of pure phloroglucinol, containing no 
trace of a methoxy derivative, whilst a second contained 8'i per 
cent. MeO, and was a derivative of gallic acid. 

Petunin. 

Petunin, a diglucoside of petunidin, has been isolated by Will- 
•tatter and Burdick from purple-biue petunia petals (. Petunia hybrida 
hort.) ("Karlsruher Rathaus”), in which it occurs to the extent of 
about 15■$ per cent, of their dry weight. 

For the isolation of the colouring matter fresh petals were 
extracted with glacial acetic acid, the solution precipitated with 
ether, the product taken up in warm dilute (^— 1 per cent) hydro¬ 
chloric acid, filtered, and allowed to stand, when the chloride 
separated in the form of long straight-cut prisms having a fine 
metallic lustre. The chloride was recrystallised from dilute hydro¬ 
chloric acid. 

Petunin chloride, Cj 8 H a Oi T Cl, appears to form a crystalline 
hydrate of the composition QbHjAjCI, aH, 0 , but as on drying 
the chloride loses hydrochloric acid as well as water, Willstatter and 
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Burdick calculated their analytical figures to the chlorine-free base, 
when agreement was obtained with the formula CjjHjjOir, and the 
los of water and acid pointed to a hydrate of the above composition. 
The pure crystalline chloride consists of long rectangular tablets of 
a beautiful violet colour having a fine copper-coloured reflex. Air- 
dried, they sinter at 165° C. and melt at 178° C. 

When a little water is added to the chloride, violet flakes, pro¬ 
bably of a basic salt, are produced, but on addition of more water a 
clear red-coloured solution is produced, which, on acidification, turns 
red. Dilute aqueous solutions slowly become decolorised, rapidly if 
warmed, as the result of pseudo-base formation. The salt is dif¬ 
ficultly soluble in cold dilute hydrochloric acid, more soluble if warm 
—at 20° C. too c.c. of 0*25 per cent. HC 1 dissolve 0 67 gr.; o'5 per 
cent HC 1 dissolve 0-45 gr.; 3 per cent. HC 1 dissolve o'i4 gr. of the 
crystalline hydrate, whilst at the same temperature 100 c.c. of 7 per 
cent, sulphuric acid dissolve 0 075 gr. Dilute sulphuric acid dis¬ 
solves the chloride readily at first, the pigment being then reprecipi¬ 
tated as the crystalline sulphate; and hot 7 per cent, sulphuric acid 
dissolves considerable quantities of the chloride. In methyl alcohol 
the salt is very easily soluble, in ethyl alcohol, less so. 

Ferric chloride, when added to a methyl alcoholic solution, gives 
a violet coloration, but if added to a solution in water, or ethyl 
alcohol, a blue (neither intense nor pure) colour results. Sodium' 
carbonate produces a violet, then blue coloration when added to an 
acid solution, but if to a neutral solution containing some pseudo- 
base, a green-blue colour results, whereas if added to a solution 
of the pseudo-base, the colour obtained is yellow. 

The distribution number of petunin chloride resembles that for 
normal diglucoside anthocyans, and on hydrolysis it yields petu- 
nidin —a monomethyl ether of delphinidin—(j mol.) and glucose 
(a mols.). 

The Anthocyanidin isolated from the fruit of Vitis riparia, Michx. 
(odoratissima , J. Don).—Willstatter and Zollinger (Annalen, 1916, 
412, 213) have isolated a glucoside anthocyan (at present unnamed) 
from the fruit of Vitis riparia , which has proved to be a mono- 
glucoside of a monomethyl ether of delphinidin. There are reasons 
ft>r assuming that it may be a new member of this series of methyl 
ethers, and should this be so, the structure of the chloride of the 
non-glucoside will be either— 
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There is, on the other hand, some reason to believe that this com¬ 
pound may prove identical with myrtillidin chloride, but the data 
available as the result of the interrupted work of these authors are 
still of a preliminary character. 

As with most of the monomethyl ethers of delphinidin hitherto 
isolated, the figures obtained from it by means of Zeisel estimations 
are too high, and indicate the presence of some admixed dimethyl 
ether as impurity. 

Vitis riparia anthocyanidin chloride crystallises in thin prisms 
which, when air-dried, contain 8-2 per cent, of water. It is easily 
soluble in r per cent, hydrochloric acid, but less so than ampe- 
lopsidin chloride; in 3 per cent, acid it is somewhat sparingly 
soluble; in 7 per cent, sulphuric acid it is easily soluble. On adding 
ferric chloride to an alcoholic solution, a pure blue colour is pro¬ 
duced; if to an aqueous solution, blue-violet; the reaction is intense 
in both cases. 

Vitis riparia anthocyanin —a monoglucoside of the above pro* 
duct—was isolated by Willstatter and Zollinger in a manner similar 
to that serviceable for ampelopsin, the skins only of the berries 
being used. The chloride which was obtained in a finely crystalline 
condition is easily soluble in methyl or ethyl alcoholic hydrochloric 
add, and resembles ampelopsin chloride in its solubility in dilute 
acids. 

Ferric chloride when added to an alcoholic solution produces a 
stable pure blue colour, whilst with an aqueous solution a violet 
colour results. Sodium carbonate produces a stable blue-violet.or 
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violet (according to concentration) when added to an acid solution, 
whereas caustic soda giyes a fairly permanent blue with violet tinge. 
Hydrolysis of the pigment yields the above-described anthocyanidin 
chloride and glucose (r mol.). 

Delphinidin Dimethyl Ethers and their Derivatives. 
Malvidin. 

Malvidin occurs as its diglucoside, malvin, in the flowers of the 
wild mallow, and has been examined by Willstatter and Mieg 
(Annalen, 1915, 408, 122), who have shown that it is a dimethyl 
ether of delphinidin, and have tentatively ascribed to its chloride 
the formula (1) or (2)— 



The crystalline chloride is readily prepared by hydrolysis of the 
diglucoside—malvin chloride—by boiling for 2—3 minutes with 
20 per cent, hydrochloric acid, in the manner usual for the prepara¬ 
tion of anthocyanidins from their glucosides. The sugar-free com¬ 
pound separates almost completely after the hydrolysis. 

Malvidin chloride , C 17 H 1S 0 7 C 1 , as crystallised from 20 per cent, 
hydrochloric acid, has the form of long deep brown prisms, or 
needles, often in rosettes, which show a bronze reflex. These consist 
of the hydrate C 17 H 1S 0 7 C 1 , 2H 2 0, which loses 1 molecule of water 
if dried in a vacuum desiccator at room temperature, the second only 
when dried in high vacuum at 105° C. Zeisel estimations show 
that this compound contains two methoxy groups. It does not 
melt below 300°. 
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The salt dissolves readily in cold alcohol, giving a fine violet-red- 
coloured solution which, on dilution with much water and heating, 
does not deposit the colour base but becomes colourless. In amyl - 
alcohol the chloride is fairly easily soluble, yielding a violet-red solu¬ 
tion which becomes violet when shaken with sodium acetate. With 
methyl alcohol it behaves somewhat peculiarly, in that the air-dried 
crystals dissolve, at first forming a purple-red solution, but very soon 
the pigment is deposited in the form of a crystalline precipitate that 
appears blue-red in reflex and violet by transmitted light (distinction 
from delphinidin and oenidin chlorides). 

In dilute sulphuric acid the salt is difficultly soluble—this is its 
chief difference from oenidin chloride—whilst its sparing solubility 
in dilute hydrochloric acid differentiates it from delphinidin and 
oenidin. Even in o-t per cent, to i per cent, sulphuric acid the 
salt only dissolves temporarily, the red-brown solution rapidly de¬ 
positing the sulphate as rosettes of needles, while the liquid becomes 
practically colourless, and with 7 per cent, acid similar changes occur 
(too C.C. dissolve only i'5 mg. of malvidin chloride at 15° C.). In 
0’5 per cent, hydrochloric acid the salt is difficultly soluble cold, 
fairly soluble hot; in 1 per cent, acid it is almost insoluble cold and 
difficfjjfrf soluble hot, and in the concentrated acids it is practically 
insoluble. 

When the chloride is rubbed with a little water, it is dissolved to 
an appreciable extent, the solution on warming becoming purple-red, 
whilst a dilute solution when boiled becomes decolorised owing to 
pseudo-base formation. 

An acid solution when treated with caustic soda, or sodium 
carbonate, becomes first violet and then a fine blue colour, the latter 
being stable for hours if no excess of alkali is present. Ferric chlo¬ 
ride gives no colour reaction, lead acetate produces a red-violet 
precipitate, Fehling’s solution is reduced on boiling, and picric acid 
produces a crystalline precipitate of the difficultly soluble picrate 
Which separates as small red-brown needles. 

At the conclusion of the Zeisel estimations, fine brown crystals of 
the iodide of the demethylated pigment had separated, which, when con¬ 
verted to the chloride in the usual way (pptd. AgCl and MeOH. HQ) 
yielded a salt that was found to consist of delphinidin chloride , The 
identify of this was’established by its crystalline form, the colour of 
it& solutions, the difficult solubibty in 7 per cent, sulphuric acid, easy, 
solubility in 5 per cent, hydrochloric acid, and by the preparation of. 
the pseudo-base. 

The decomposition of malvidin chloride by fusion with caustic: 
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potash was investigated by WillstStter and Mieg under the following 
conditions: t gr. of the salt was stirred into 50 gr, KOH in 16 gr, 
water, at rao” C., and the temperature then raised to 135—140” C. 
In a second operation the same procedure was adopted, but subse¬ 
quently the temperature was taken to 170° C. for a time and 
then raised to 200° C, whereas in a third the final temperature 
was 250° C, It was ascertained that whereas the products from the 
latter experiment were phloroglucinol and gallic acid, in the second 
can gallic acid monomethyl ether was present (found MeO «■ i7'7t 
per cent.: theory requires MeO - 16-86 per cent.), whilst as a result 
of the first operation some phloroglucinol monomethyl ether could be 
detected (found MeO => 8 3 per cent. : theory requires MeO => 22'2 
per cent,). 

Malvin. 

Malvin—a diglucoside of malvidin—the colouring matter of the 
wild mallow ( Malva silties/ris, Linn.), occurs in the petals of that 
flower to the extent of about 6 4 per cent, of their dry weight. This 
(figment has been described by Willstatter and Mieg [loc. cit.). 

Powdered, dry petals were used for the investigation, and these 
(3 kg. at a time) were extracted with 2 per cent, methyl alcoholic 
hydrochloric acid (10 litres), mixed with concentrated aqueous hydro¬ 
chloric acid (500 c.c.), the extract filtered, and the residue washed 
once with the same solvent (4 litres). The extract (9^ litres) was 
precipitated by addition of ether (12 litres), vigorously agitating, as 
an almost solid dark mass from which the liquors were decanted. 
The purification consisted in dissolving the substance in cold methyl 
alcohol (r£ litres), filtering, and after adding absolute alcohol (1$ 
litres), reprecipitating by ether (6 litres), when the product (275 gr.) 
is pure enough for the next stage of the process, viz. the conversion 
of the chloride into the picrate. For the preparation of this latter 
the chloride was mixed (in 100 gr. portions) with an equal quantity 
of 1 per cent, hydrochloric acid, to prevent isomerisation, and a warm 
1‘5 percent, solution of picric acid (i$ litres) added with constant 
stirring, the temperature being raised to 50° C., when the addition 
was complete. The pigment passed into solution, but on cooling 
and standing, glistening, hair-fine needles (50 gr. from 3 kg. of flower 
petals) separated. The picrate (25 gr.) was then dissolved in warm 
methyl alcohol (1 litre), and after cooling 70 c.c. of methyl alcoholic 
hydrochloric acid (containing 25 gr. HCl) added, the mixture filtered, 
and the chloride precipitated from the filtrate by addition of ether 
(ylitres). The product, after washing free from picric acid, by means 
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of ether, was recrystallised either from hot i per cent hydrochloric 
acid, by adding more concentrated acid to its solution in cold i per 
cent, hydrochloric add, or by slowly adding concentrated hydrochloric 
add to a slightly warm solution of the pigment in o s per cent. HC 1 , 
until 7 per cent. HC 1 was present. 

Malvin chloride, C 2# H js O w C 1 , forms a hydrate of the composition 
CjjHjjOtfCl, 8 H 2 0 , which crystallises in very long prisms or bundles 
of needles; in quantity these appear deep brown-red, and have a 
green reflex, but by transmitted light are purple-red. The salt has 
no melting-point, but begins to swell at 165° C, The crystalline 
hydrate loses all its water when dried in a vacuum desiccator at room 
temperature. 

When air-dried it is rather difficultly soluble in water, giving 
bluish-red solutions, but these very rapidly become decolorised as 
the result of pseudo-base formation. In hydrochloric acid it is 
much more difficultly soluble than oenin chloride—in cold 1 per 
cent, acid very difficultly soluble, easily soluble in hot, whilst in 
cold 3 per cent, it is almost insoluble, but still fairly soluble hot. 
In 7 per cent, sulphuric acid it is appreciably soluble—0x53 grr 
in 100 c.c.—the colour of the solutions being bluer than similar 
solutions of oenin chloride, or myrtillin chloride, but less blue than 
those of delphinin chloride; in concentrated sulphuric acid it is 
easily soluble with orange-red colour. In methyl alcohol the salt is 
easily soluble, rather less so in ethyl alcohol, the solutions having a 
fine purple-red colour; in hot amyl alcohol it is only appreciably 
soluble, and in most organic solvents it is insoluble. 

With ferric chloride no colour reaction is produced; lead acetate 
produces a violet precipitate. Sodium carbonate gives a fine blue 
colour if added to a freshly prepared solution, but if to one that has 
stood a green, or yellow-green, owing to the presence of the pseudo¬ 
base Which itself gives a yellow colour with this reagent. Sodium 
bisulphite produces a colourless easily soluble compound which is 
decomposed by acids; Fehling’s solution is reduced by the salt when 
boiled. 

Malvin chloride has a distribution number (r6) of the same 
order as other normal diglucoside anthocyans, and on hydrolysis 
yields mlvidin chloride (1 mol.) and glucose {2 mols.). 

Malvin ficrate (prepared as above) crystallises in brown-red to' 
cbetry-red needles which show a metallic reflex. It is fairly soluble, 
in cold water, but difficultly soluble in a saturated solution of picric 
acid. 
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Oenidin. 

Oenidin, the product of the hydrolysis of oenin pigment of the 
black grapo*(or red wine), may be isolated when oenin chloride (i gr. 
crystals) is dissolved in water (to c.c.), 25 per cent, hydrochloric 
acid (50 c.c.) added, the whole rapidly heated to the boiling-point, 
boiled for three to four minutes, and then cooled and filtered. The 
oenidin chloride separates almost completely, even when the mixture 
is hot, and can be recrystallised from hot 3 per cent, hydrochloric 
acid. Willstatter and Zollinger (Annalen, 1915,408,83; 1916,412, 
195) were able to show that oenidin occurs, together with oenin, to 
the extent of a few per cent, of the total pigment, in black grapes 
(North Italian or hothouse), and in one exceptional case (hothouse) 
to the extent of 10 per cent, of the total. 

Oenidin chloride , Ci7H J6 0 7 Cl, forms a hydrate which crystallises in 
deep brown prisms or needles showing a dull bronze reflex, and has 
the composition C 17 H 15 0 7 C 1 , i|H 2 0 . When dried in high vacuum 
at 50° C. this hydrate gives the product C 17 H 16 0 7 C 1 , 4 H» 0 , the last 
half molecule of water only being lost in high vacuum at 135 0 C. 

Willstatter and Zollinger have tentatively ascribed to oenidin 
chloride either the structure— 



The salt is readily soluble in water, and in a warm solution 
readily passes to the pseudo-base. Addition of hot water to an 
alcoholic solution does not precipitate the violet colour base (cfc 
'cyanidin), whereas heating with acid reconverts the pseudo-base into 
colour salt. In methyl or ethyl alcohol the chloride is very readily 
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soluble, giving fine violet-red solutions; In cold o'z' per cent, hydro¬ 
chloric acid it is easily soluble, very easily if hot, in i per cent, it is 
still fairly soluble, in 3 per cent, difficultly soluble, more^oluble hot, 
and may be crystallised from this, whilst 20 per cent, acid dissolves 
only o'02 per cent, of the salt. In low concentrations of sulphuric 
add (up to 7 per cent.) it is readily soluble. 

Picric acid produces immediate precipitation of the very difficultly 
soluble picrate as fine deep red prisms. Sodium carbonate when 
added to an acid solution of the chloride gives a violet coloration, 
caustic soda a fine, but unstable blue, and lead acetate gives a blue- 
violet precipitate which on heating becomes blue. Ferric chloride 
gives no colour reaction but destroys the pigment (distinction from 
myrtillidin or althaein, and useful to detect the presence of these in 
red wines). 

On demethylation by boiling with hydriodic acid and phenol 
(or acetic anhydride) Willstatter and Zollinger obtained dclphinidin 
iodide. This by treatment with silver chloride and hydrochloric acid 
in alcoholic solution yielded the chloride, the identity of which was 
established by means of its solubility in 7 per cent, sulphuric acid 
and in 3 per cent, hydrochloric acid, also by its conversion into 
pseudo-base and sulphate. 

Alkaline decomposition indicated that neither of the methoxy 
groups—Zeisel estimations showed that there are two in the 
molecule—is present in that portion of the molecule which yields 
phloroglucinol; whereas in the acidic product of decomposition the 
presence of a methoxy group was detected, a mixture of gallic acid 
and a methyl ether of an acid, probably methyl ether gallic acid itself, 
being isolated. 


Obnin. 

Oenin—a monoglucoside of oenidin—is the colouring matter of 
the black grape (North Italian or hothouse) and of red wine. It 
has received more attention than any other member of this series 
of colouring nutters, but satisfactory chemical data concerning it 
only became available as the result of the work of Willstatter and 
. Zollinger. In the grape skins this colouring matter appears to' be 
accompanied by a small proportion of oenidin, and of a diglucoside 
(as yet unexamined) of this latter. Most of the early workers made 
Use of red wine in their attempts to isolate the pigment, but on 
account of the small percentage present, the use of grape skins is 
much more convenient for this purpose. 
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fc, hi* book “Chomie de* W<dnes " (Leip*ig, 18#) Mulder d«* 
scribed a method of isolating this pigment by precipitating the lead 
salt and decomposing this with sulphuretted hydrogen, but his pro¬ 
duct contained lead. The first attempt to use the lead salt for 
the isolation of an anthocyan pigment was described by Berzelius 
(Annalen, 1837, ai, 262).* The work of Mulder was followed 
by that of Glenard (Comptes rend., 1858, 47, 268; Ann. Chtm. 
Phys., 1858, (3), 54, 366)1 who used ethereal hydrochloric acid 
for the decomposition of the lead salt, and he thus obtained an 
amorphous product to which he gave the name “oenolin,” and 
assigned the formula C 2 „H s( Ao—the percentage composition of 
which does not differ greatly from that of now proved 

to be correct for the acid-free base. The method of Glenard was 
also employed by Gautier, who isolated a variety of compounds 
from related plants of the vine species, and was of the opinion 
that a whole series of these pigments occurred therein (Comptes 
rend., 1878, 86, 1507; 87, 64; 1892, 114, 623; 1911, 153. 53*1 
cf. Willstatter and Zollinger, Annalen, 1916, 412, p. 198). Andree 
(Archiv f. Pharm., 1879, 13, 9 °) als0 attempted to isolate the 
pigment of the grape by the use of Mulder's method, whilst Heise 
(Arbeit, a. d. K, Gesundheitsamte, 1889, v., 618) described the 
preparation of two amorphous and impure products from red wine, 
using again the method of Glenard. ■ 

For the isolation of the pure pigment, as chloride or picrate, 
Willstatter and Zollinger (loc. cit .) extracted the pigment from the 
pressed skins of black grapes by means of glacial acetic acid 
(2—ai times the weight of the skins). These were allowed to 
stand with the solvent in closed bottles for about a week, with 
occasional shaking, but even this treatment left some 10—20 per 
cent, of the pigment unextracted. After filtration the extract was 
precipitated with ether (3 vote.) when the pigment separated as a 
syrup containing all the colouring matter present in the extract, and 
from this the liquor was decanted, the residue being then washed 
with ether and dried by a current of air. The crude product thus 
obtained (from 8 kg. of skins) was dissolved in water (5 litres),f the 

•Mattmenf gave the name •'oenocyanin ” to the product obtained by 

Muldcf. . 

. fit was found advantageous, in order to remove the email quantity of ad¬ 
mixed oenidin, to dieeolve the crude product In o '5 per cent. HC1, inetead of watar, 
wash with amyl alcohol to remove oenidin, remove the alcohol by shaking with 
ethbr, anti then add finely powdered picric acid to precipitate the picrate. 
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solution filtered, and an excess of cold aqueous picric acid (80 gr.) 
added which caused the separation of carmine-red flakes (17 gr.), 
but by heating the liquid and precipitate rapidly, and in small 
portions, and then allowing to cool, the picrate separated in bundles 
of carmine-red needles. Before conversion into the picrate, care 
had to be taken to remove all traces of acetic acid, and, to pre¬ 
vent the formation of the pseudo-base during the process, a little 
hydrochloric acid was added not only before the crude product 
was precipitated with ether, but also to the water used for its 
solution. 

The picrate was reconverted into the chloride by dissolving 
(8'5 gr.) in methyl alcohol (200 c.c.), adding 17 percent, hydro¬ 
chloric acid (50 c.c.), and precipitating by the addition of ether 
(8 vols.), when the chloride separated as red-brown flakes, and was 
washed free from picric acid by ether (yield 6 gr.). The product, 
though amorphous, was practically pure and crystallised readily from 
a mixture of methyl and ethyl alcoholic HC 1 (MeOH ro c.c., EtOH 
25 c.c., 10 per cent, aqueous HC 1 to c.c.) if the alcohol was allowed 
to evaporate slowly (3 gr. amorphous yielded 17 gr. crystalline). 
In .case the substance was required for analysis this operation was 
repeated several times. 

As an alternative method of preparing oenin chloride, Willstatter 
and Zollinger made use of the fact that oenin, being a mono-glucoside 
anthocyan, is partially extracted from aqueous acid by amyl alcohol. 
They dissolved the crude product, obtained as for the previous 
preparation, in dilute hydrochloric acid, and extracted the solution 
with amyl alcohol, adding after each extraction acid to keep the 
volume of the aqueous layer constant. The first few amyl alcoholic 
extracts, which contained oenidin chloride, were neglected, the 
twenty further extracts made were agitated with about a quarter of 
their volume of o'i per cent, aqueous hydrochloric acid. The solu¬ 
tion thus obtained, after washing free from amyl alcohol by means of 
ether, was treated with picric acid, whereby oenin picrate was ob¬ 
tained, and this was then reconverted into the chloride in the usual 
way. When crystallised from 7 per cent, hydrochloric acid oenin 
chloride separated in deep coloured prisms having a green reflex, 
and of the composition C 23 H 2S 0 13 C 1 , 4H 3 0. 

Oenin chloride , C aa H 2t 0 12 Cl, forms a crystalline hydrate, 
C 2S H !S 0 ,A 4 H a 0 .(? 6 H 3 0 ), 

which usually consists of short deep-red prisms, singly or in 
clusters, showing a green reflex, though from some solutions it 
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separates as Ain prisms. Its water is almost wholly lost when 
dried in a vacuum desiccator, and is completely removed in high 
vacuum at 50° C. 

The salt is easily soluble in cold water, very easily in hot water, 
giving brown-red solutions, which on dilution become violet, 
and then colourless, but this decolorisation is prevented by 
the presence even of strong organic acids. Thus the colour of 
oenin chloride is stable, even in dilute solution, if the solution con¬ 
tains o-2 per cent, of tartaric acid. In very dilute hydrochloric acid 
it is more soluble than delphinin or althaein chlorides, but less so 
than myrtillin chloride; in 2 per cent, it is very easily soluble, in 
5 per cent, considerably so, in 10 per cent, but little soluble, and in 
ao per cent, practically insoluble. In 7 to to per cent, sulphuric 
acid it is easily soluble; in methyl alcohol it is easily soluble, in 
ethyl alcohol less so, but much more soluble than myrtillin chlo¬ 
ride. It is more soluble in a mixture of ethyl alcohol and water 
than in alcohol alone. 

With sodium carbonate, an acid solution becomes blue to blue- 
violet, the colour being very stable on dilution; whereas caustic 
soda gives a violet-blue which on dilution becomes more violet, and 
is much more permanent than the colour given by myrtillin chloride. 
Lead acetate gives a fine deep blue precipitate, and copper sulphate 
a violet precipitate from aqueous solutions. 

Owing to the fact that oenin chloride and malvin chloride give 
no colour reaction with ferric chloride in aqueous solution, whilst 
myrtillin chloride and althaein chloride give intense violet colora¬ 
tions,- this reagent may be used to test red wine. If the colour 
of the wine is due to oenin, the grape pigment, very little change 
occurs on the addition of a drop of ferric chloride, but if the wine 
has been coloured by myrtillin (bilberry) or althaein (holly-hock), 
a deep violet colour is produced. The addition of malvin (field 
mallow) as a colouring matter to wine cannot be detected in this way 
as it also gives no reaction. 

Oenin chloride is optically active, and like other anthocyans 
shows optical dispersion. The following observations have been 
recorded by Willstatter and Zollinger ;— 

Solutions in o'i per cent. HC 1 — 

W«J 7 - - 542 ° (± 60°), i.e. [M] mt - - 2867°. 

[a] c - -421 0 (± 30°), i.e. [M] c - -2227°. 

The absorption spectrum has been examined in dilute acid 
(7 per cent. HjSO t ) and alcoholic solutions, and is described as 
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consisting of one broad band, whilst darkening also appears to 
occur in the violet. The data recorded are:— 

Solution in 7 per cent. H 2 S 0 4 , 1 mol in 1760 litres. 

Column 3-5 mm. 559. 551... 544 - 491.480 
S'o 585 ■ 576- • 563 - 406.. 

In ethyl alcohol, 1 mol. in 2500 litres. 

Column 2-5 mm. 593 .. 588 — 518.. 506 

„ 5-0 „ 6or.. 597 - 494 .. 488/459 • • 

„ io-o „ 605 .. 602 - 479.. 

This spectrum is very similar to that of myrtillin chloride. 

Oenin chloride has a distribution number ro'4, hence in this 
respect it behaves as a normal monoglucoside. On hydrolysis it 
yields oenidin chloride (1 mol.) and glucose (1 mol). 

Oenin picrate is easily soluble in hot water, very difficultly soluble 
in cold water, easily in ethyl alcohol, and very easily so in methyl 
alcohol. 

Note. —The colour reactions of anthocyan pigments with alum, 
described in several instances by Willstatter and his collaborators, 
appear to be due to the use by them of impure alum, and are really 
due to traces of iron salts present therein (Everest, Proc. Roy, Soc., 
1918, B, 90, 251). 

Synthetic Propucts ok the Anthocyan Series. 

Mention has already been made of the synthesis of natural 
anthocyan pigments, but in addition to these, a number of interest¬ 
ing compounds of the same group have been prepared by Watson 
and. his pupils (Chem. Soc. Trans., Watson and Sen, 1914, 397, 
and Watson, Sen, and Mcdhi,. 1915, 1477) by treating natural 
colouring matters of the fiavone, or flavonol series, after methylation, 
or ethylation, with various Grignard reagents, the products, on treat¬ 
ment with acid followed by demethylation, yielding substitution 
derivatives of the anthocyan series. 

Employing quercetin penta-methy! ether the series of change* 
may be represented thus:— 
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In this way the following products have been obtained 
3:5: •j-trikydro.yy-t-m : p-dihydroxyphcnyl-y-dhyl-x : a,-benzo- 
pyrmol-anhydriodiile , crimson needles, which dissolve in alkalis with 
a blue colour— 


OK 


HO 




u 


-OH 


%c /C-OH 

OH i, H „ 


The colour base, prepared by the action of sodium acetate on 
the iodide, is described as a dark violet solid, the penta-ethyl ether 
(iodide) as crimson needles (from alcohol), melting-point 169° C., 
and the tri-ethyl ether , prepared by the partial de-ethylation of 
penta-ethyl ether by means of aluminium chloride, as an almost 
black powder. 

The tri-methyl ether , from quercetin tri-methyl ether, crystallises 
in red needles, melting-point 163— 165” C. 


337 


32 



THE NATURAL ORGANIC COLOURING MATT&is 

3:5; ytrikydroxy-i-m : p-dihydroxyphenyl-^-phenyl-x : 4 -btnzo- 
pyranol-anhyiriadidt , forms dark red prismatic crystals— 



and its tetra-ethyl ether , bright red needles. 

The internal anhydride from 3:5: •j-trihydroxy-2-m : p-dihydroxy- 
phenyl-^-o-hydroxyphenyl- r : 4- benzopyranol-anhydrochloridt , dark red 
needle-shaped crystals with blue reflex, has one of the following 
formula:— 



Cl OH 



From the corresponding hexa-ethyl ether , crimson crystals, a ferri- 
chloride, melting-point 190° C., was obtained. 

3:5: ytrihydroxy-i-o. p. dikydroxyphtnyl-^-methyl-i : 4 -bente- 
pyranolanhydroiodide (crystalline form not stated), dissolves in alkalis 
with a crimson colour— 
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5 : •j-dihvdroxy-t-m : p-dihydroxyphenyl-e,-ethyt-\ : ybenzopyranol- 
ankydroiodide, tetra-ethyl ether, crystallises in orange needles, melting- 
point 169—173° C.— 


1 OH 



5 : i-dihydro.xy-2-p-hydroxyphenyl-$-ethyl-i . \-benzopyranol-anhy- 
droiodile , needle-shaped crystals, dissolves in alkalis with crimson 
colour— 


I 



The tri-ethyl ether, orange coloured rhombic crystals, melts at 
178—180° C. 

A considerable number of compounds of this type related to 
" flavones have been synthesised by Biilow (Ber., 1901, 34, 1189, and 
178a; 1903, 36, 1941, 3292, and 3607; 1904, 37, 354, and 4715 ; 
1906, 39, 214, and 2027) from resorcinol, phloroglucinol, or pyro* 
gallol, by condensation with derivatives of acetylacetone, benzoylace- 
tone, or benzoyl acetophenone, usually in glacial acetic acid, in the 
presence of hydrochloric acid. In this way the following have been 
prepared:— 
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Finally, simple members of this series—also related to flavones— 
have been prepared by Decker and Fellenberg (Ber., 1907, 40, 
3815) and W. H. Perkin and Robinson (Chem. Soc. Trans., 1908, 
1085) from hydroxy-aldehydes (e.g. resorcyl aldehyde) and ketones 
(e.g. acetophenone), or by the action of Grignard reagents otj 
coumarin. In this way the mother substance of the scries— 
i-phenol-x ■./y-bemapyranol-anhydrochloride — was obtained, as also 
the hydroxy and mcthoxy compounds represented by the following 
formulae:— 



Cakajura and Chica Rkd. 

These are rare pigments prepared by the Indians of Central 
America from species of Bignonia which are very similar in appear¬ 
ance and may contain as a basis the same colouring matter. A red 
pigment of this character, evidently “Chica red," is referred to in 
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“The Travels and Researches of Baron Humbolt” (Macgilivray, 
Edinburgh, 1836, p. *39): “ Red paint is the ordinary decoration of 
these tribes. The most common kind is obtained from the seeds 
of the Bixa orellana and is called annotto, achoute, or roucou. 
Another more expensive species is extracted from the leaves of the 
Bignonia chica." According to Crookes (“ Dyeing and Calico Print¬ 
ing,” 1874, 388) chica is obtained from the leaves of the B. chica 
which the Indians boil with water, and add some particles of the 
bark known as “aryane” to the decanted liquid which causes the 
precipitation of the colouring matter. 

An interesting resume of what is known of this subject is given 
by Holmes (Pharm. J., 1901), who states that preparations very 
similar to carajura are employed by the South American Indians in 
Brazil, Bolivia, and Guiana. These include chica from the leaves 
of B. chica, from “ ula ” leaves derived from an unknown species of 
Bignonia in Bolivia, and a pigment prepared from the heartwood 
of the B. tccoma in Minas (Brazil). The latter, according to Lee 
(Chem. Soc. Trans., 1901, 284), is prepared by mixing the dust and 
shavings of this tree with slaked lime and heating the mass with 
water. From the B. tccoma Lee isolated a considerable amount 
of a yellow crystalline compound, tecomin , which is referred to 
later. 

Carajura or Crajura was apparently first examined by Virey 
(Journ, de Pharmacie et Chimie, (3), 5, 154). The sample experi¬ 
mented with, which came from Para, was soluble in alkalis and was 
precipitated therefrom by acid, and is stated to have been prepared 
by the Galibis by boiling with water the stem and leaves of an 
unknown species of Bignonia when the latter in the autumn had 
acquired a purple colour. 

Crookes states ( loc. cit.) that chica is soluble in 36 per cent, 
alcohol, in ether and in alkalis with a vinous red colour, and when 
heated in a sealed tube with alkali and glucose gives a bluish-red 
liquid which becomes brown on exposure to air and then yields 
on acidification an orange-red precipitate. 

As the result of an examination of chica red or carajura said to 
be derived from the leaves of the Bignonia chica, Erdmann (Jahres., 
1857, 487) assigned to the colouring matter which he isolated by 
extraction with alcohol the formula C # H 8 O a . This substance was 
soluble in caustic alkali but not in alkali carbonate solutions, and 
when oxidised with chromic acid gave anisic acid, whereas with nitric 
acid picric acid was produced. 

Perkin (Proc. Chem. Soc., 1914, 30, 313), who examined a sample 
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of “ carajura ” obtained from Messrs. Wright, Layman, and Umney 
of London, and which is referred to in the paper of Holmes {lot. tit,), 
found this to contain a small quantity of the calcium lake of two 
colouring matters which had either been precipitated on, or inter¬ 
mingled with a substance of the nature of ground bark or peat. 
After treatment with hot dilute hydrochloric acid, alcohol removes 
the colouring matters in the form of a resin, and from this, by means 
of boiling benzene, carajurin is isolated. This compound to which 
the formula C 18 H 1# 0 6 has been provisionally assigned separates in 
ruby needles, melting at 204—206°, is soluble in boiling dilute alkali 
with a red colour, and is nearly devoid of dyeing properties. With 
mineral acids it very readily yields oxonium salts, crystallising in 
bright, orange needles, of which the sulphate , probably C w H 1# Oj. 
H 2 S 0 4 . HjO is the most stable, the hydrobromide and hydrochloridt 
being decomposed at 100°. From the hydrochloride a platinichtoride 
can be prepared. Cold acetic anhydride with a trace of pyridine, 
after two days, gives an almost colourless acetyl compound, crystallis¬ 
ing in needles, whereas bromine gives an immediate precipitate with 
carajurin in acetic acid, which when boiled with this solvent, 
separates in orange needles. Hydriodic acid converts carajurin with 
loss of 2 molecules of methyl iodide and probably also of a mole¬ 
cule of water into a substance provisionally termed carajuretin iodide, 
bright scarlet needles, stable in the presence of cold water, and from 
this by means of cold pyridine, carajuretin, C^H^O,,, scarlet needles, 
melting above 330°, and soluble in alkalis with a reddish-violet 
colour, is produced. By dry distillation carajurin evolves a trace 
of aromatic oil, resembling anisaldehyde in odour, and when fused 
with alkali, p-hydroxybemoic acid and a colourless substance, melting 
at 185—187°, as yet unidentified, are obtained. In many respects 
carajurin resembles the anhydrohydroxybenzopyranol compounds 
described by Billow and Wagner (Ber., 1901, 34, 1199). 

That portion of the alcoholic extract insoluble in benzene yields 
to ether carajurone, isolated as a scarlet powder, which readily 
assumes a beetle-green lustre, and possesses strong dyeing properties. 
Analysis indicates the presence of more oxygen in this compound 
than in carajurin. A small amount of a similar, but brighter lake 
from British Guiana, and obtained from the leaves of a “ bushrope,” 
gave a colouring matter dyeing alizarin-like shades. This prepara¬ 
tion, considered to be “chica red,” appeared to differ in some 
respects from the “ carajura ” above described. 
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Bignonia tecoma* Tecomin, 

The Bignonia tecoma is a somewhat common tree in the uplands 
of Minas, Brazil, which when fully grown is about 30 feet high and 
in September is covered with brilliant yellow flowers. The natives 
mi* the sawdust and shavings of this tree with slaked lime, heat the 
mass with water and employ the resulting bath to dye cotton cloth. 
A paste made of the sawdust mixed with lime is also used to stain 
lighter coloured woods a deep brown. By exhausting the sawdust 
with boiling 85 per cent, alcohol and concentrating the extract, Lee 
(Chem. Soc. Trans., 1901, 79, 284) isolated the colouring matter 
tecomin , which has been previously referred to. This, which has 
apparently not been submitted to analysis, forms shining chrome 
yellow crystals possessing a nacreous lustre, soluble in alkalis with a 
rose-red coloration. 

A further quantity of this compound could be isolated from the 
alcoholic filtrate, the total amount thus given by the wood being 
approximately 5 per cent. 

The sawdust extracted with alcohol contains a deep brown dye 
which may now be removed from it by alkalis, and by acidification 
this is deposited therefrom as an amorphous brown powder. No¬ 
thing is at present known as regards the relationship, if such exists, 
between tecomin and the colouring matter of chica red or carajura. 

# According to Holmes (/or. cit.) the name Bignonia tecoma does not appear 
in the Kew Index, but only Bignonia tkomoides, which is, however, a shrubby 
species. 
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niHYDRO-PYKAN GROUP. 
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Brazilwood—Logwood—African Logwood or Hamahiylon nfricanmn, 
Brazilwood. 

Under the name of Brazilwood certain varieties of the so-called 
“ soluble ’’ red woods are known, the term 11 soluble ” being employed 
to distinguish them from the dyestuffs of the barwood class, which 
only with difficulty yield their colouring matters to boiling water. 
These soluble red woods give with aluminium mordanted fabrics a 
bright-red shade, which in each case is derived from one and the 
same colouring matter, and all are botanically allied, in that they 
consist of the wood of various species of Ctusalpinia. About nine 
varieties have been employed as dyestuffs, of which the following are 
the best known, 

Femambuco or Pernambuco wood is considered to be the richest 
in colouring matter, and is the product of the Caesalpinia crista, a 
tree which is abundant in Jamaica and Brazil. 

The true Brazilwood is derived from the Caesalpinia braziliensis, 
and is said to contain only one-half the colouring matter which is 
present in the Femambuco variety. It is obtained exclusively from 
Brazil. 

Sappanwood is obtained from the Caesalpinia sappan, a tree 
which is common to the warmer regions of Asia. The so-called 
Limawood is a variety of sappan, and the dyewood imported from 
the Philippine Islands is an inferior quality of this product. 

Peachwood is the product of the Caesalpinia echinata, which 
occurs in Central America and the northern parts of South America. 

These woods, which are very hard, and of a deep red colour, 
come into the market in the form of billets varying in weight from a 
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few pounds up to a hundredweight If freshly cut the internal 
colour of the wood is seen to be light yellow, but this soon changes 
to deep red in contact with air. 

Some varieties of these woods were employed for dyeing purposes 
in India long before the discovery of America, and it is stated that 
when South America was discovered by the Spaniards, in 1500, the 
northerly portion of the country was named Brazil (from braia, fiery 
red), because this red dyewood was found there in such immense 
quantities. 

Owing to the fugitive character of the colours yielded by Brazil¬ 
wood it is now only employed to a somewhat limited extent. 

Brazilin, C 1# H u Oj, the colouring principle of Brazilwood, was 
first isolated in a crystalline condition by Chevreul (Ann. Chim. 
Phys., '(1), 66, 225); but was not further examined until 1864, 
when Bolley (Schweiz, poly. Zeitsch., ix., 267) assigned to it the 
formula C^HjoOj. Subsequently Kopp (Ber., 6, 446) proposed the 
formula C 22 H 18 C>7, but it was left to Liebermann and Burg (Ber., 9, 
1883) to determine the exact composition of this substance, and 
their formula, C IS H u 0 5 , is in use at the present time. To prepare 
brazilin from the wood itself, it is best to employ the commercial 
extract. This is stirred up with a considerable quantity of sand, the 
product extracted with cold ether, the ethereal liquid evaporated to 
a small bulk, treated with a little water, and allowed to stand for 
some days. Crystals slowly separate, and these are purified by 
crystallisation from a little water. 

This method is, however, tedious, and the usual source of brazilin 
consists of the crude crystalline crusts of this substance which are 
frequently deposited from Brazilwood liquor, an intermediate pro¬ 
duct in the manufacture of Brazilwood extract. The crude substance 
is best purified by two or three crystallisations from water, to which 
a little sulphurous acid has been added (Gilbody and W. H. Perkin, 
and Yates, Chem. Soc. Trans., 1901, 79, 1396). Brazilin crystallises 
in two forms, either as colourless needles containing i^HjO, or as 
colourless prisms with iH 4 0. It is readily soluble in alcohol and 
water, and dissolves in a dilute solution of sodium- carbonate with a 
beautiful carmine-red colour, 

• Tttraacctylbrazilin , C ]9 H 10 O 5 (C 2 H s O) 4 , colourless needles, melt¬ 
ing-point 149—151° (Liebermann and Burg); triacitylbrazilin, 
C w H u Oj(C 2 HjO) 3 , needles, melting-point 105—106“ (Buchka and 
Erck, Ber., 18, 1139); brombrazilin, C 1( H 13 BrOj, brown-red leaflets 
(Buchka and Erck); dibrombrazi/in, C„H 12 Br 2 0 j, leaflets (Schall and 
Dratle, Ber., 23, 1550); tetraactiylbrombraziliit, CuHjBrO^CjHjO),, 
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needles, melting-point 103—204“ (Buchka, Annalen ( 17, 685); 
tetraacetyldibrombrazilin, C 1# H l Br ! 0j(C,HjG)4 1 melting-point 185* 
(Schall and Dralle); tribrombrazi/in, Ci«H u BrA (Schall and 
Dralle); dichlorbrazilin, Ci S Hi S Cl a Oj (Liebermann and Burg) ; 
and tetrabrombrazilin , C i5 H 1 c l Br 4 O s , fine red needles (Buchka and 
Erck), have been prepared. 

When brazilin is methylated with methyl iodide in the usual 
manner, it gives brazilin trimethyl ether (Schall and Dralle, Ber., 
ao, 3365; Herzig, Monatsh., 14, 5 b 1 and Schall, Ber., 27, 5 2 5 )* 
C m HhOj(OCH 3 ) 3 , prisms, melting-point 138—139°, which on acety¬ 
lation yields acetylbrazilin trimethyl ether , t '■ ^H; ,0 ; (0( . H ;i ),((H,0), 
melting-point 171 — 173° (Herzig, Monatsh., 15, 140; Schall, Ber,, 
27, 326). 

According to Gtlbody, W. H. Perkin and Yates (Chem. Soc. 
Trans., 79, 1403), large quantities of the trimethyl ether are con¬ 
veniently prepared as follows: 143 grams of brazilin dissolved in 
the smallest possible quantity of methyl alcohol are treated with 
35 grams of sodium in methyl alcohol and methyl iodide (250 grams) 
and the mixture is heated fifty hours to 60—65 in absence of air. 
A second method, employed also by v. Kostanecki and Lampe (Ber., 
35, 1669), consists in methylating brazilin with excess of dimethyl 
sulphate and alkali. 

The difficulty experienced in fully methylating brazilin is evidence 
of the presence of an alcoholic group; but the tetramethyl ether, 
C m H w O(OCH,) 4 , melting-point 137 —>39°. h “ been P re P ared ty 
Schall by treating the sodium compound of the trimethyl derivative 
suspended in benzene with methyl iodide at 120 (compare also 
Herzig, loc. cit.). From this substance the following derivatives have 
been prepared;— 

Brombrazilin tetramethyl ether , Ci 8 H 9 BrO. (OCH 3 ) 4 , prisms, 
melting-point 180—181° (Schall and Dralle, Ber., 21,. 3014), and 
dibrombrazilin tetramethyl ether, C| 6 H 8 Br 2 0 . (OCH 3 ) 4 , melting-point 
215° (Schall and Dralle, Ber., 23, 1432)-. 

When brazilin is submitted to dry distillation, it gives resorcin 
(Kopp, loc. cit.), and by fusing it with potassium hydroxide Lieber¬ 
mann and Burg obtained resorcin, and Herzig (Monatsh., 27, 
739) protocatechuic acid. With nitric acid brazilin yields trinitro- 
resorcinol (Reim, Ber., 4, 334). 

When brazilin, the colouring principle, is oxidised under suitable 
conditions, it is converted into brazilein, the true colouring matter, 
Cn^A + O = C W H,,0 5 + H A and for this purpose the action 
of air on an alkaline brazilin solution, alcoholic iodine (Liebermann 
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and Burg), potassium nitrite_and acetic acid (Schall and Dralle), 
nitric acid in the presence of ether (Buchka and Erck), and sodium 
iodate (Mayer, Zentr., 1904, i., 228) have been employed. It can, 
however, be more economically prepared from Brazilwood extract 
in the following manner (Hummel and A. G. Perkin, Chem. Soc. 
Trans., 1882, 41, 367) 

To an aqueous solution of the extract of the wood an excess 
of ammonia is added, and air is aspirated through the liquid. A 
precipitate of the impure ammonium salt of brazilein gradually 
separates, and this is collected, dissolved in hot water, and treated 
with dilute acetic acid (sp. gr. 1 ’04). A brown viscous precipitate 
of the crude colouring matter is thus obtained, which is extracted 
with hot dilute acetic acid, and the extract evaporated on the water- 
bath. Crystals of brazilein separate, which are collected and washed 
with acetic acid. 

Brazilein consists of minute plates possessing a strong metallic 
lustre, and by transmitted light a reddish-brown colour. It is very 
sparingly soluble in all the usual solvents, and cannot be recrystallised 
in the ordinary manner. It is in reality the colouring matter of 
Brazilwood, and possesses strong tinctorial property. Alkaline 
solutions dissolve it with a deop-red coloration, which on standing in 
air passes gradually to brown. A study of this oxidation was carried 
out by Schall and Dralle, with interesting results. 2’7 grams of 
brazilin dissolved in 150 c.c. of water was treated with ro c.c. of 
sodium hydroxide solution (sp. gr. 1-37), and air aspirated through 
the liquid for thirty-six hours. Ether extracted from the acidified 
solution / 3 -resorcy/ic acid , and a substance C 9 H e 0 4 , crystallising in 
brownish-yellow needles, melting-point 271°, gave a diacetyl com¬ 
pound, melting-point 148—149°, and a dimethyl ether, melting- 
point 169—170°. When the latter was oxidised in acetic acid 
solution, with potassium permanganate fl-resorcylic acid monomethyl 
ether was produced :— 


CH a c/\)H 

\JcOOH 

Schall and Dralle considered that this compound was probably a 
pheno-y-pyrone derivative, and Feuerstein and v. Kostanecki (Ber., 
32, 1024) proved that this was in reality the case, and assigned to it 
the‘following constitution:— 
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tx 


0-^& 


CH 

-II 

/COH 


CO 

Thus the dimethyl ether, when hydrolysed with alcoholic potash, 
gave fisetol dimethyl ether — 


CH,0/\0H 

IJcO . CH.,. OCHj 


a substance which had already been obtained in a similar manner 
by Herzig from fisetin tetramethyl ether (see Young Fustic). 

Our chief knowledge of the constitution of brazilin is due to the 
elaborate investigations of W. H. Perkin and his pupils, who obtained 
most important results by the oxidation of brazilin trimcthyl ether 
with potassium permanganate, and also with chromic acid. 

Gilbody, Perkin, and Yates (Chem. Soc. Trans., 1901, 79, 1465) 
found that when brazilin trimethyl ether is oxidised with permangan¬ 
ate, it gives, in addition to oxalic, acetic, and formic acids, the follow¬ 
ing compounds:— 

1. m-Hemipinic acid — 


CHA 

CHjO' 


COOH 

COOH 


The isolation of this substance was important, since it showed that 
brazilin contains a catechol nucleus and two orthohydroxyls, and 
as a result of these latter no doubt in part its tinctorial properties 
are due. 

a. i-CarbOxy-^-methoxyphenoxyacetic acid — 


CH : , 0 : /'\0 . CH,. COjH 

kyccu 1 


On fusion with alkali this compound yields resorcinol, and on heat¬ 
ing with water to 200° is converted into methoxyphenoxyacetic acid— 


CH 3 o/\jO . CH 3 


COOH 


This can be synthesised by the interaction of ethylbromacetate 
with the sodium compound of resorcinol monomethyl ether and sub¬ 
sequent hydrolysis. 


349 



THE NATURAL ORGANIC COLOURING MATTERS 


3. Bratilie acid— 
CH,(V 


•/ 0 \CH„ 

I 

\ /C(° H ). CH S , COOH 


when fused with alkali gives resorcin, and on warming with sulphuric 
acid is converted into anhydrobrazilic acid— 


CH 3 0/y°/cH 

V\co/ C • CH -' • C00H 


Boiling baryta water hydrolyses anhydrobrazilic acid, with production 
of formic acid and (s-hydroxy-s,-methoxybenzoylfrof ionic acid — 


chaA_oh 

1 J. —CO—CH,—CHj. COOH 


On methylation this is converted into the dimethyl ether, and the 
latter can be produced by the interaction of dimethylresorcinol and 
the half chloride of succinic acid monoethyl ester, and subsequent 
hydrolysis. It is also formed when resorcinol dimethyl ether and 
succinic acid are treated with aluminium chloride without employing 
a solvent. 

Finally, when the methyl ester of this hydroxymethoxybenzoyl- 
propionic acid is dissolved in ethyl formate and treated with 
sodium, the methyl ester of anhydrobrazilic acid is produced. This 
interesting synthesis may be represented as follows:— 

CHaO/N-OH 

YJ-CO—CH,. CH,. GOOCH, 


-+ CHaO^Y-OH CH . OH 

II 

I ^-CO-C-CHj. COOCH, 


CHaO^Y ° Y H 

V\coA~ CH,,COOCHs 
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DmcihoxycarboxytKntylformk add (t), and dimcthoxycarboxy- 
htnioylformic add (a)— 

(i) COOh/N-OCH, (a) COOh/N-OCH, 
COOH . CH.IJ--OCH;, COOH . Col^J—OCH, 

represent intermediate stages in the formation of m-hemipinic acid 
from brazilin trimethyl ether, whereas the acid 


CH a O,/\- 0 -CH a . CH(OH)COOH 


V° 


OOH 


also isolated, is, no doubt, that product of the oxidation which is 
anterior to the formation of carboxymethoxyphenoxyacetic acid (see 
above). 

The earlier work suggested the following probable constitution. 
for brazilin:— 


OH/ —0-CH-//OH 

l ! I 

! x 7 —CH(OH)—CH—CH a — X / OH 

but this, as a result of the investigation of brazilinic acid, a very 
important substance, also produced by the oxidation of brazilin tri¬ 
methyl ether, was subsequently discarded. 

Brazilinic acid .—The constitution of tnis acid has been conclu¬ 
sively demonstrated by its synthesis, which has been effected by the 1 
interaction of m-hemipinic anhydride with ethyl methoxyphenoxyace- 
tate in the presence of aluminium chloride. This is illustrated by 
the following equation:— 


CH.O,/ 


- 0 -CH 2 . COOEt 

+ /0 z 

+ CO-CO 




\ 

\_/ 

OCH 2 OCHj 


CHjO|/\—0—CH 2 . COOH 

U~ co \_/ 

/ \ 

\_/ 

OCH, OCH, 
Brazilinic acid. 


COOH 
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When brazilinic acid is reduced with sodium amalgam, it is 
quantitatively converted into dihydrobrazilinie acid, C 19 H 20 O 9l which 
at once loses water with the formation of the lactone, C 19 H 18 0 8 . 

To synthesise the latter compound, r»-hemipinic anhydride is 
condensed with resorcinol dimethyl ether to form z-hydroxy-t, , 5', 4'- 
trimethoxybenzoylhaizuic acid — 

CH 3 o/\oCH 3 /CO-/\oCH 3 

+ °\CO—I^JoCH 3 


ch 3 o/\-oh cooh/\och 3 
\J— CO— ^OCH s 

When reduced with sodium amalgam, this acid gives z-m-meconyl - 
$-methoxyfhenol (t), and this by the action of chloracetic acid and 
potassium hydroxide is converted into the lactone of dihydrobrazilinie 
acid (a)— 


CH ,0/ \—OH 


—ciu xo 


/ ■ 

v__ 

OCHj 


OCH 3 


CHjO/'VCH.,. COOH 
' -CH /0 \C0 

I I 

/ .\ 

\ _ / 

OCH 3 OCHj, 


\/ 


CH 3 0f V-0 —CHj, , COOH 
(3) l J-CHOH COOH 
\ / 

/-\ 

\_/ 

CH s O OCH s 

Dihydrobrazilinie acid itself is accordingly represented by 
formula (3). 
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The following constitution— 


HOi 


0 



h 2 


(OH) 
CH 
\ / C 

/-\ 

\ _ / 

OH OH 


has, as a result of this work, been assigned to brazilin by Perkin and 
Robinson (Chem. Soc. Trans., 1908, 93, 496), and is in complete 
harmony with the facts above enumerated. 

Oxidation of trimethylbrazilin with chromic acid. 

When trimethylbrazilin is oxidised with chromic acid it is con¬ 
verted into trimethylbrazilone (Gilbody and Perkin, v. infra )— 

(CH 3 0 ) 3 C ie H„ 0 2 + 2O - (CH, 0 ),. C„H, 0 , + H 2 0 , 

and this apparently simple reaction has proved to be of an extremely 
puzzling character. 

When trimethylbrazilone is oxidised with permanganate, it gives 
m-hcmipinic acid, 2-carboxy -5 -methoxyphenoxyacetic acid , brazilic acid, 
dimcthoxycarboxybenzoylformic acid, dimcthoxycarboxybcnzylformic acid, 
methoxycarboxyphcnoxylactic acid, and brasilinic acid. 

In an earlier paper, Gilbody and Perkin (Chem. Soc. Trans., 
2902, 81,1040) suggested for trimethylbrazilone a constitution based 
upon their first formula for brazilin (see above), but it has now been 
shown (ibid., 1908, 93, 498) that the reaction proceeds in the follow¬ 
ing manner: By the oxidation of trimethylbrazilin (1) with chromic 
add a disruption of the central linkage occurs, with the formation of 
an unstable dikttone (2), and this subsequently undergoes aldol 
condensation, and trimethylbrazilone is produced (3)— 


(>) 


° X CH, 

I 

C(OH) 

\/\ch/\ 

I CH 2 


' \ 

s_/ 

och 3 och, 


cH,o/y ° x CHi 

! 1 

I i ro 

\/\co I 

(2) | CHj 

/ \ 

OChTOCH, 
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OCH, 


OCH, 


This formula represents trimethylbrazilone as a derivative both of 
coumaran and tetrahydronaphthalene, and affords a ready explanation 
of the decomposition products of this compound. 

An important point in favour of this constitution is afforded by 
the behaviour of trimethylbrazilone with alkalis, or acetic anhydride 
and other dehydrating agents, for it is thus converted with loss of 
r molecule of water into anhydrotrimethylbrazilone, (CH 3 0)jC w H 70 2 . 
There can be little doubt that the formation of this substance is due 
to the elimination of water from the aldol grouping in trimethyl¬ 
brazilone, and that it possesses the following formula :— 


CH, 0 ; 


/°\ 

e—c. oh 

V/ Vh 
\ / 
/~~~\ 

\ _ / 

OCH a OCR, 


Anhydrotrimethylbrazilone is thus a derivative of /? -nafhthol, and it 
possesses many of the properties of this substance. It is soluble in 
dilute alkali, and this solution gives with diazobenzene chloride a red 
azo-dyestuff. Diazonaphthalene chloride behaves similarly, and the 
dye thus produced dissolves in sulphuric acid with a blue colour. 

When trimethylbrazilone is boiled in acetic acid solution with 
phenylhydrazine, deoxytrimethylbrazilone, C 1# H, 0 3 (CHj 0 ) 3 , is ob¬ 
tained, and this is probably a dihydronaphthalene derivative of the 
formula— 


CHjOr 


/°\ 

CH. CH 

\ch/ Vh 


\ ./ 

/ \ 

\_/ 

OCH 3 OCH, 
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The most striking reaction of trimethyibrazilone is its behaviour 
with nitric acid, when it yields a compound possessing the composi¬ 
tion of a nitrohydroxydihydrotrimethylbrazilone— 

C !# HA(CH 3 0) 5 + HNOj = C ie H 10 O,N(CH 3 O),. 


This substance dissolves in alkali with a purple colour, but on 
standing the colour rapidly fades, o-nitrohomoveratrol separates, and 
the solution contains /-methoxysalicylic acid. Oxidation with per¬ 
manganate gives 2-carboxy-5-methoxyphenoxyacetic acid, and these 
decompositions point clearly to the formula— 


CH 3 0 


/ V 0 \CH, 


\/\co—o 


0,N 

qOHJ-CHj—- 

I 


|OCH, 

'och 3 


as representing the constitution of this nitro compound (see also 
Perkin and Robinson, ibid., 1909, 95, 381). 

Feuerstein and v. Kostanecki (Ber., 32, ro24) assigned at first the 
following constitution to brazilin :— 

-rfv 

•y ' CFI /( " °" 

) AOH 

ch 2 — 

which was based upon the production from it of dihydroxypheno-y- 
pyrone (Schall and Dralle) by alkaline oxidation, and of protocate- 
chuic acid by fusion with alkali (Herzig). 

It was, however, pointed out by Perkin that this formula does 
not account for the presence of wi-hemipinic acid among the oxida¬ 
tion products of trimethylbrazilin, and Herzig and Poliak (Monatsh., 
1901, 22, 207) advanced a similar criticism. On the other hand, 
it was suggested at the time by v. Kostanecki and Lampe (Ber., 190a, 
35, 1667) that w-hemipinic acid was not to be regarded as an 
oxidation product of trimethylbrazilin itself, but that it arose from 
the formation, during the oxidation, of a phenanthrene or indene- 
derivative, which by the further action of permanganate gives this 
acid. Such an indene-condensation is illustrated by the following 
scheme, which, according to these authors, probably occurred during 
the formation of trimethyibrazilone from trimethylbrazilin. 

The first product of the oxidation with chromic acid will possess 
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the formula (i), and this is converted by the following stages into 
trimethylbrazilone (3)— 


cv/y 0 ^" 

(0 k^/C.OH 
HO.C 

CH S — 

ch,o/V /C N ch 


| 0 CH, 
€H 3 


(*) 


H0C X /\)CH 3 


(3) 


I 

CHj— 
/°\CH 




OCH, 


H °C y NOCH; 


HO. HC- 


A^och, 


This constitution accounts in a simple manner for the formation 
of the anhydrotrimcthylbrazilone (1), and the nitrohydroxydihydrotri- 
methylbrazilone (2), of Perkin, which can be represented as follows:— 



When anhydrotrimethylbrazilone is digested with hydriodic acid, 
ankydrthrasiloHt, CijH m 0 5 + HjO, is produced, but when trimethyl- 
brazilone itself is treated in a similar manner, the result is of a 
peculiar nature. The compound CuHsOfOH), so obtained does 
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not consist of brazilone, but possesses the formula (t) or (a), and 
on distillation with zinc-dust gives brazan (3) (v, Kostanecki and 
Lloyd, Ber., 1903, 36, 2193)— 



In 1899 Liebermann (Ber., 32, 924) obtained anhydro-a-naphtho- 
quinone resorcin by the condensation of 2-3-dichlor-a-naphthoquinone 
with resorcin— 


0 



II 

O 


and this, according to v. Kostanecki and Lampe (Ber., 1908,41, 2373) 
is 3-hydroxybrazanquinone. By reduction with hydriodic acid, this 
gives hydroxybrazan— 


O 



and from this latter or from the quinone itself, brazan, identical with 
that obtained from trimethylbrazilone, is produced by distillation 
with zinc-dust. -Brazan crystallises in leaflets, and melts at 202°. 

v. Kostanecki and Lampe (Ber., 1902, 35, 1674) considered it 
probable that, after all, trimethylbrazilin does contain, as found by 
Perkin, a nucleus which on oxidation yields hemipinic acid, and 
appear to have adopted the following as their final formula for 
brazilin 
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This constitution, it is evident, will still harmonise with the 
formulae of trinrethylbrazilone and anhydrotrimethylbrazilone given 
above by these authors. 

Herzig and Poliak (Ber., 1906, 39, 267) suggested the following 
constitution for brazilin, trimethylbrazilone, and anhydrotrimethyl* 
brazilone 


HOi 


/ ° X CH., 


Vh/ 


OH 

OH 


\ /U 


Brazilin. 


/V X CH,, 

| | 1/OH 

v\ ch / c “( / Y ch ' 

\ co /U ot ^ 


Trimethylbrazilone. 



Anhydrotrimethylbrazilone. 

Herzig, moreover, observed (Ber., 1904, 37, 631) that tri- 
methylbrazilone undergoes isomeric change when it is dissolved 
in sulphuric acid, and yields y-trimethylbrazilone , Ci # H(,0 3 (0CHj) k 
melting-point 170—173°. to which the formula 

/°\CH, 

HC HOO(\yOCH s 
35* 
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was assigned (Herzig and Poliak, Monatsh., 1906, 27, 743). Perkin 
and Robinson (loc. cit.) find that on oxidation with , permanganate 
this compound gives large quantities of i-carboxy-t t -$-dimclhoxy- 
phtnylacetic acid, (CH s O) s . C,H 2 . (COOH). CH». COOH, and that 
there can be little doubt that its true constitution is represented by 
one of the following formula;;— 



Finally, in 1906 Herzig and Poliak (Monatsh., 27, 743) con¬ 
sidered it necessary to modify their first formula for brazilin, and 
arrived at the conclusion that that finally proposed by v. Kosta- 
necki and Lampe correctly represents this colouring principle. The 
more recent work of Perkin and Robinson detailed above shows, 
however, that such a constitution cannot be correct, because it does 
not account for the production of brazilinic acid by the oxidation of 
trimethylbraziiin— 


CH a O, 


/O. CHj,. COOH 

^ C0 \ COOH 

/ \ 

\ _ / 

OCH 3 ■ OCH, 


and there is every reason to consider that the formula suggested by 
the latter authors (p. 353) is the correct representation of the con r 
stitution (cf. also Perkin and Robinson, Chem. Soc. Trans., 1909, 
95, 381) of brazilin. 

Brazilein yields a triaceiyl derivative, C 1# H 9 0 6 (C 2 H 3 0 )j, yellow 
leaflets, melting-point 203—207° (Schall and Dralle, Ber., 23, 1434), 
and a trimethyl ether, CuH^OCHj^Oj, which crystallises in two 
modifications, melting at 160° and 178° respectively (Engels and 
Perkin, Chem. Soc. Proc., 1906, 22, 132). Brazilein trimethyl 
ether combines with formic acid, yielding a formic acid derivative 
which crystallises in garnet-coloured prisms, and is decomposed into 
its components by treatment with alcohol. 
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The constitution assigned to brazilein by Perkin is as follows:— 

HO /Xx// ° X 'CH s 

I 

C(OH) 

\/\ C /\cHj 

}-\ 

x r ~\( 

OH 0 

When brazilein is dissolved in sulphuric acid, and the solution is 
diluted with acetic acid, minute orange-red prisms of isobraziltin 
sulphate , C u H u O<. S 0 4 H, separate (Hummel and A. G. Perkin, 
Chem. Soc. Trans., 1882, 41, 367), and this, on treatment with 
alcohol, gives the basic sulphate C M H 1! 0 5 (C 1 f i H 1I 0 4 . S 0 4 H) 2 , which 
crystallises in red needles. Hydrochloric and hydrobromic acids at 
too 0 give isobrazikinehlorhyirin , C 1c H h 0 4 C 1 , and isobrazikinbrom- 
hydn'n, C u H n 0 4 Br, and both compounds consist of orange-coloured 
prisms, which are somewhat readily soluble in water, forming a 
solution which contains free haloid acid. These interesting sub¬ 
stances dye mordanted fabrics colours which are entirely different 
from those yielded by brazilein, and the shades which are produced, 
especially on calico, somewhat resemble those given by alizarin. 
From these haloid salts by digestion with silver oxide a substance 
is produced known as isobrazikin, which has the formula C 1# H !2 0 5 , 
but is totally distinct from brazilein. 

According to Engels, Perkin and Robinson (Chem. Soc. Trans., 
1908, 93, 1140), whose paper must be consulted for the detailed 
account of brazilein and its derivatives, these isobrazilein salts are 
derived from \-y-indenobtnzopyranol (1), and the sulphate which is 
trihydroxy-\-yindaiobenzopyranolaiihydrohyiirogen sulphate (2) may be 
represented thus 


HS 0 4 


/y 0 \ CH 

HO 7 Y' X ' CH 

ii 

i ; i! 

c 

< { e 

1 1 

(2) \/\ c /\ CHj 

1 1 

1 1 

/ \ 

1 1 
/.\ 

\_/ 

\ . ./ 

OH OH 
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It was found, for instance, that when brtzilein trimethyl ether (3) 
is treated with sulphuric acid, it is converted with loss of methyl 
alcohol into the dimethyl ether of isobrazilein sulphate (4)— 


CH s O / X/ ° x CH, 
(3) 


C. OCH, 
n ' / ' n 'C / \;h. 


/ \ 
\ _ / 


OCH.O 


CH ,0 


HS 0 4 

/\/°\ 


(4) 


CH 

II 

C 


\/V/\ 


CH, 

I _l 
/"" \ 
\._/ 

OCH, OH 


These authors assign an orthoquinonoid structure to this and 
similar oxonium salts. 

More recently Robinson (private communication), employing 
butein trimethyl ether, has succeeded by very simple methods in 
synthesising isobrazilein hydrochloride. By reducing butein tri¬ 
methyl ether (1)— 


(*) 


CH -0 


/ 


OH 


CO—CH -CH—' 


OCH, 

>OCH 3 


the dihydro (benzylacetophenone) compound (2) is obtained. This 
by digestion with an excess of absolute formic acid in presence of 
zinc chloride is transformed into the hydrochloride of isobrazilein 
trimethyl ether {3)— 


CH. 


(*) 


HO. CH 

II 

/OH 0 
'CO 


Cll, 

x 'CH. 


/ 

V 


“\ 

_/ 


CH ,0 


n 


(3) 


Cl 

Os 

/ 'CH 

II 

V c " 

\ 


OCH, OCH, 


/ 

/ \ 
\ 


CH. 


OCH, OCH, 


With fuming hydrochloric acid at 120—150° demethylation occurs 
and isobrazilein hydrochloride is produced— 
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Cl 

hoA^°\ch 


\ /C - 

\ 


o 


^ch 2 


OH OH 

By the substitution of acetic acid for formic acid in this reaction the 
corresponding methylisobrazilein derivative can be obtained— 

Cl 

s/°\C . CH, 


V /c " 


\ 

/' 

\_ 


/ 

~\ 

./ 


CH, 


OCH,OCH, 


The synthesis in this manner of a colouring matter so closely allied 
to brazilin itself by the employment of butein, a yellow dye which 
exists in the flowers of the Butea frondosa (Perkin, Chem. Soc. 
Trans., 1904, 85, 1459), is of exceptional interest. 

The commercial preparations of Brazilwood known as Brazilwood 
extract and Brazilwood liquor, are prepared by boiling the ground 
fresh wood with water, and evaporating the decoction thus obtained 
to various degrees of consistency without access of air, or as rapidly 
and at as low a temperature as possible, e.g. in vacuum pans. 

Dyeing Properties .—Before dyeing the logs, as imported, are 
rasped to a coarse powder, and this is then usually moistened with 
water and allowed to ferment for some weeks. This operation is 
performed in order to increase the colouring power of the wood, and 
there can be little doubt that a considerable quantity of the brazilin 
present is thereby oxidised to the colouring matter Brazilein. It 
has been considered by some that the fresh wood contains in reality 
a glucoside of brazilin, which, under the influence of fermentation, 
is hydrolysed, but no evidence has been forthcoming in support of 
this suggestion. 

Although still used in calico printing and in wool dyeing, Brazil¬ 
wood and its allies have lost their importance, chiefly because 
of the fugitive character of the colours they yield. In calico printing 
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sappan liquor is employed for producing steam reds and pinks, the 
mordant used being aluminium acetate or stannic oxalate, separately 
or combined, together with some oxidising agent, e.g, potassium 
chlorate or a copper salt. It also enters into the composition of 
steam chocolates and certain steam colours in conjunction with 
other dyewood extracts. These woods have also been much used in 
the past along with garancine in dyeing the reds, chocolates, and 
other colours of cheap prints. 

In wool dyeing these woods have been applied for the purpose 
of dyeing reds and various shades of claret and brown, the wool 
being previously mordanted with alum and cream of tartar or oxalic 
acid, or with potassium dichromate, in which case other dyewoods, 
e.g. logwood and old fustic, are applied in addition. The colours 
produced by this method are now only used to a limited extent. 

In cotton dyeing, peachwood-red was formerly obtained by first 
preparing the cotton with tannin matter, then mordanting with a 
stannic salt, and finally dyeing with pcachwood, sappan-wood, etc. 
Browns were obtained by the use of logwood in addition, with or 
without a final passage through a ferric salt solution (nitrate of iron). 
These colours are now replaced by others obtained from coal tar. 

Logwood. 

Logwood or Campeachy wood is one of the most important 
dyestuffs, and at the present time is very largely employed. Al¬ 
though for a long time it has successfully competed with the arti¬ 
ficial colouring matters, its supremacy as a cotton dye has been 
affected to a considerable extent by the introduction of the sulphide 
blacks. 

Logwood appears to have been first imported into Europe by the 
Spaniards shortly after the discovery of America, and has been culti¬ 
vated in Jamaica from the year 17x5. In the time of Elizabeth its 
employment as a dye was prohibited by Act of Parliament, and large 
quantities of the wood were burned, because it was said to produce 
fugitive colours. 

It is derived from the Humatoxylon campechianum (Linn.), a tree 
which belongs to the family Casalpiniacae, and is a native of the 
wanner part of South America and some of the West India Islands. 
It also grows in the island of Mauritius, and trials indicate that this 
wood is of good quality (private communication). 

Logwood usually comes into the market in large blocks weighing 
about 400 lbs. These externally are of a deep brown colour, but 
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internally have a much lighter tint. The best qualities come from 
Jamaica, Honduras, and St Domingo, for the true Campeachy wood, 
at one time esteemed to be the best, is now practically exhausted. 

The colouring principle of logwood, hamatoxylin, was first 
isolated in a crystalline condition by Chevreul (Ann. Chim. Phys., 
(ii.), 82, 53, 126), who obtained it by extracting the wood with ether, 
evaporating the extract, and digesting the residue with alcohol. 
After distilling off the alcohol the residue was allowed to stand in 
contact with water, when the hsematoxylin separated in crystals. It 
may also be prepared by similarly treating commercial logwood 
extract which has been incorporated with a large quantity of sand 
( 0 . L. Erdmann, Annalen, 44, 292; J. pr. Chem., 26, 193 ; 36, 205 ; 
75, 318). For this purpose ether containing water is preferable 
(Hesse, Annalen, 109, 332). It is, however, more easily obtained 
from the dark-coloured crusts which slowly separate when concen¬ 
trated logwood liquor stands for some time in a cool place. The 
crude mass is ground to a fine powder, extracted repeatedly with 
ether, the ethereal solution evaporated, and the residue left in con¬ 
tact with water, when dark-coloured crystals separate, which by 
recrystallisation from water containing a small quantity of sodium 
bisulphite, may be obtained colourless (VV. H. Perkin and Yates, 
Chem. Soc. Trans., 1902, 81, 236). 

Pure hsematoxylin crystallises in prisms with 3^0, and is spar¬ 
ingly soluble in cold, readily so in hot water. Its aqueous solution 
is coloured purple with alkalis, and this on exposure to air eventually 
assumes a brown tint. Hsematoxylin is dextro-rotatory, a 1 per cent, 
aqueous solution having a rotation of >'85 in a 200 mm. tube. It 
readily reduces salts of silver and gold, gives with alum a rose-red 
coloration, with iron alum a violet-black precipitate, and with neutral 
and basic lead acetate at first a colourless and then a blue deposit 
which darkens by air oxidation. 

0 . L. Erdmann {loc. (it.) was the first to submit htematoxylin to 
analysis, and proposed the formula C^H^Os, which he subsequently 
altered to C 1# H u O,. This latter formula was confirmed by Hesse 
[lot. tit.) and at the present day is accepted as correct. 

By fusion with alkali, hsematoxylin yields pyrogallol (Reim, Ber., 
1871, 4, 331), and according to E. Erdmann and Schultz (Annalen, 
216, 234) also formic acid. R. Meyer (Ber., 1879, 12, 1392) sub¬ 
mitted htematoxylin to destructive distillation and considered that in 
this manner not only pyrogallol but also resorcinol is produced. 
According, however, to W. H. Perkin and Gilbody (Chem. Soc. 
Trans., 1902, 81, 245), no resorcinol is thus obtained. 
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Reim acetylated haematoxylin with acetyl chloride and prepared 
a substance which appeared to be the hexa-acetyl derivative 

C w HA(C 2 H,0)„ 

and as a result suggested the following constitution for this colouring 
principle:— 

_OH OH 

OH< V 

^ "OH 

E. Erdmann and Schultz (Annalen, 1883, 216, 234) re-examined 
Reim's compound and showed that this was in reality a pcnta-acetyl- 
hamatoxylin, C„,H 8 0||(Ci|HjO) 5 , melting-point 165—166”, and that 
haematoxylin therefore contains five hydroxyl groups. This result 
was confirmed by the work of Herzig (Monatsh., 1894, 15, 143), who, 
by the action of sodium methoxide and methyl iodide on hsema¬ 
toxylin, obtained the tetramthyl derivative, C 19 H 10 O a (OMe)4, melting- 
point 139—140°, a substance which still contains a hydroxyl group, 
since on treatment with acetic anhydride it yields acetyltetramethyl- 
hamatoxylin, C !S H (l 0 2 ( 0 Me) 1 (C s H 3 0 ), melting-point 178—180°. 
It was thus shown that hematoxylin like brazilin contains an alco¬ 
holic hydroxyl group which is not methylated by means of methyl 
iodide and sodium methoxide under the usual conditions, and indeed 
it has long been considered probable that these two colouring 
matters are closely allied in constitution (Liebermann, Ber., 1876,9, 
1883; compare also Hummel and A. G. Perkin, Chem. Soc. Trans., 
1882, 41, 373). 

The following derivatives of hfematoxylin have also been pre¬ 
pared: Pentamethylhamatoxylin, Ci*H e O(OCH 3 )r„ plates, melting- 
point 144—147° (Herzig); dibromhamatoxylin, C^HuBrjOj (Dralle, 
Ber., 1884, 17, 373); pcnta-acetylbromhamatoxylin , 

C„H 8 Br 0 „(C 2 H 3 0 ) s , 

needles, melting-point no” (Buchka, ibid,, >884, 17, 685 ); penta- 
aatylUtrabromhamatoxylin, C w H 6 Br 4 0 e (CjH, 0 ) s (Dralle); and hama- 
toxylinphthalein, C^HjoOj* (Letts, Ber., 1879, 12, 1652). 

Our main knowledge of the chemistry of haematoxylin and the 
fact that it is in reality hydroxybrazilin is due to the elaborate re¬ 
searches of W. H. Perkin and his pupils, and their results have 
arisen mainly from a study of the oxidation products of haematoxylin 
tetrametbyl ether. 

According to this author (Chem. Soc. Trans., 1902, 81, 1059), 
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tetramethylhaematoxylin is most readily prepared by treating the 
solution of haematoxylin in alcoholic potash with methyl sulphate, 
a method which had previously been found serviceable by v. 
Kostanecki and Lampe (Ber., 1902, 35, 1669) for the production 
of trimethylbrazilin from brazilin. 

When tetramethylhsematoxylin is oxidised with potassium per¬ 
manganate (Perkin and Yates, lac. cit .), it yields m-hemipinic acid, 

COOll/N—OCH, 

coon'. J-ocHj 

an important result, because it is thus certain that haematoxylin like 
brazilin (Gilbody, Peikin and Yates, Chem. Soc. Trans., 1901, 79, 
1400) contains a catechol nucleus. Consequently, whereas in the 
molecule of brazilin a resorcinol and a catechol nucleus occur, in 
haematoxylin pyrogallol and catechol groups are present. 

In addition to >«-hemipinic acid, large quantities of a second acid 
CjiHijOi, melting-point 215°, are produced. This is 2-carboxyl : 
6 -dime/hoxyphtnoxyace/ic acid (1)— 

OMc 

MeO/\—O.CH a .COOH 
^ l^yl-COOH 


MeO/N— 0 —CH 4 . COOH 
W IJ-COOH 

analogous to the i-carboxy-^-mcthoxyphenoxyacetic acid (2) which 
was obtained in a similar manner from brazilin trimethyl ether (see 
Brazilwood). 

Finally, from the product of the oxidation a third compound hama- 
toxylinic acid, C 2 oH 20 0 1# , melting-point 180“, was isolated. This on 
reduction with sodium amalgam is converted quantitatively into an 
acid C M H 2t) 0 (i, which is a monobasic lactonic acid, and it is there¬ 
fore evident that the latter is produced in two stages thus:— 

C ; ,;,H ; ,,O 10 -f 2H - CjoH^Ojo 
Hiematoxylinic acid. Dihydrohxmatoxylinic acid. 

CaoHaaOio - HjO = C20H00O9 

Lactone of dihydro- 
hxmatoxylinic acid. 
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The constitution at first assigned to haematoxylinic acid by tfiese 
authors was as follows 

OMe 

MeO/^/ ' CH ~- 

. \/\cooh cho cooh 

but this, and the corresponding hatmatoxylin formula— 

0H O 

HO/V'' .-CH-. 

xAch.oh/™ -ch=-V ok 



were subsequently modified, as the result of the synthesis of the 
lactone of dihydro-htematoxylinic acid referred to above (Perkin 
and Robinson, Chem. Soc Trans., 1908, 93, 492). 

When aluminium chloride reacts with a mixture of pyrogallol 
trimethyl ether and ;«-hemipinic anhydride, Y-hydroxy -3': 4': 4 : 5- 
tetramethoxybcnzoylbenzaic add is produced :— 


OMe 



OMe 

MeO/V-OH C0 2 H 

O - 


'■CO 


|OMe 

'OMe 


This ketonic acid is then converted by reduction with sodium 
amalgam into 2-in-meconyl-^ : 6 -me/ho.xy/>henol (1), which by treat¬ 
ment with chloracetic acid and sodium hydroxide gives the lactone 
of dihydrohtematoxylinic acid (2). 


MeO 

MeO^ NOH 


(«) 


X Ch/ 0n \CO 

/ \ 

\ _ / 

OMe OMe 
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MeO 


„*D' 


O-CH,. CO.H 


\ch/ x co 


o 


OMe OMe 

Consequently, the formulae of haematoxylinic acid (3) and of dihydro- 
haematoxylinic acid (4) are thus represented— 

OMe 

MeO/'\—O-CHo. C0 2 H 
(3) I J-CO\ yCO.fi 


OMe OMe 


OMe 


MeO 


( 4 ) 


.•o/N-O— CHo. COjH 

^^CHOH COOH 

\ / 

O 

OMe OMe 

From these facts the constitution of hematoxylin itself naturally 
follows:— 


HO, 


0H „ 

,/\/ 0 \CHj 

! i 

i C(OH) 

x /\ch/\:h j 
\ / 


OH OH 


and this is identical with that which Pfeiffer (Chem. Zeit., 1904, 3, 
380) from theoretical considerations suggested as possible. 

Other constitutional formulae have been assigned to haematoxylin, 
of which that of Bollina, v. Kostanecki and Tambor (Ber., 1902, 35, 
1678), analogous to the brazilin formula of Feuetstein and v. Kostan¬ 
ecki (Ber., 1899, 32, 1024), is of interest— 
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0H 

ho/V x ch 

U \ C H /C(0H) 



It was, however, evident that such an expression does not account 
foi the production of w-hemipinic acid or 2-carbo\y-5 : 6-dimethoxy 
phenoxyacetic acid by the oxidation of haematoxylin tetramethyl ether. 
On the other hand, v. Kostanecki and Lampe (Ber., 1902, 35, 1667) 
at first suggested that previous to the degradation of the methyl 
ether by oxidation with permanganate an internal linkage is pro¬ 
duced, with production of the following compound:— 


CH,0, 


OCH 3 o . 

/ X CH 

il 

\ /C 
CH 7 \ 

ch 2 -/ 


OCH, 


OCH 3 


These authors ultimately considered, as W. H. Perkin contended, 
that a »»-hemipinic residue is contained in haematoxylin tetramethyl 
ether, and as a result proposed the following modification of their 
formula for this colouring matter 


l-I 0 /\/ ° \CH. 

\A Ch A 

CH (O H) — _pOH 

OH 

Hsematoxylin. 

Again, Herzig and Poliak (Monatsh., 1906, 27,743; Ber., 1906, 
39 , 267), in a criticism of the earlier formula of Gilbody, Perkin and 
Yates ( loc. eit.), suggested, among others, two possible constitutions 
for brazilin, the second of which is identical with that of v. Kostan- 
ecki and Lampe (see above), and which applied to haematoxylin, are 
thus represented:— 
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OH 

».tx 


\CHj 

i.OH 


■CH 7 "' 

/ ! 

CH„ 

\ ! 

/ \ 
\_/ 

OH OH 



These formulae of v. Kostanecki and Lampe and Herzig and Poliak 
cannot, however, be correct, as they do not account for the formation 
of haematoxylinic acid by the oxidation of tetramethylhsematoxylin 
with permanganate (Gilbody, Perkin and Yates, lac. cit.). 

Herzig (Monatsh., 16, 906) submitted acetyltetramethylhae- 
matoxylin to oxidation with chromic acid and obtained a new 
product, which on hydrolysis gave tetramethyldehydrohamatoxylin , 
C ie H 5 . 0 ( 0 Me) 4 0 H. This latter, on acetylation, yielded acetyl- 
tetramethyldehydrohcematoxylin , C 1# H 5 0 ( 0 Me) 1 (OC 3 H 3 O), and by 
methylation pentamethyldehydrohamatoxylin. 

W. H. Perkin (Chem. Soc. Trans., 1902, 81, 1057) oxidised 
tetramethylhsematoxylin with chromic acid, and obtained a substance 
tetramethylhamatoxylone, Ci 8 H 8 0 ( 0 Me) 4 ( 0 H) 2 , corresponding in all 
its reactions with trimethylbrazilone. For this, at that time, the 
formula 


MeO 




l\ 

(HO)CA 
/ M'H 
CH . OH ' 


j /X -.OMe 

L /OMe 


was proposed. In addition to this compound, 2-carboxy-5-6 di- 
methoxyphenoxyacetic acid and m-hemipinic acid were also produced 
during the oxidation. When digested with acetic anhydride, tetra-, 
methylhsematoxylone gives acetylanhydrotctramethylhamatoxylom, 


C„H s 0 ( 0 Me) 4 ( 0 C 4 H 3 0 ), 

evidently identical with Herzig’s acetyltetramethyldehydrohsematoxylin 
referred to above. 

By hydrolysis this compound gave anhydrotetramethylhasmatoxy- 
lone, C 1(l H s O(OMe) 4 OH— 
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MeO 



,OMe 

OMe 


In a later paper Perkin and Robinson (Chem. Soc. Trans,, 1908, 
498) discarded these expressions and assigned to tetramethylhasma- 
toxylone the constitution given below. These authors consider that 
during the oxidation of tetramethylhsematoxylin with chromic acid, a 
destruction of the central linkage occurs, and the unstable diketone 
which is thus formed undergoes aldol condensation with the produc¬ 
tion of tetramethylhsematoxylone— 

MeO 

MeO A 7 ° XCH * 




I 


\ch/ c < oh )\ch, 

/ \ 

\_/ 

OMe OMe 
Tetramethy!ha»matoxylin. 


/ 0 \CH a 





\co x co - 

/ \ 

\_/ 

OMe OMe 
Diketone. 


CH, 


MeO 



This formula indicates that tetramethylhsematoxylone is a deriva¬ 
tive both of coumaran and tetrahydronaphthalene. 
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The formation of anhydrohsematoxylone by means of acetic 
anhydride (loc. cit.) is due to the elimination of water from the aldol 
grouping in tetramethylhaematoxylone, and the constitution thlis 
given to this substance represents it as a derivative of / 3 -naphthol, 
with which indeed it has many properties in common— 


MeO C(OH) 

McOj /X ''; / ^c/VH 

II ii i 



OMe 


OMe 


When acetylanhydrotetramethylhsematoxylone is treated with 
nitric acid it readily reacts with the formation of the mononitro com¬ 
pound (Perkin and Robinson, ibid., 1909, 384)— 



'\/OMe 

OMe 

and from this substance by reduction with zinc-dust and hydrochloric 
acid the corresponding amino derivative is produced. This, when 
oxidised by ferric chloride, yields tetramethoxy-a-brazanquinone (com¬ 
pare v. Kostanecki and Rost, loc. cit.)— 


MeO 



OMe 


That this substance is an ortho-quinone is shown by its behaviour 
with o-tolylenediamine with which it condenses with formation of a 
characteristic quinoxaline. On reduction, the quinone is converted 
into the corresponding iihydroxy derivative. 

v. Kostanecki and Rost (Ber., 1903, 36, 2202), on the other hand, 
proposed for the tetramethylhsematoxylone (r) and anhydrotetra- 
methylhsmatoxylone (2) of Perkin the following expressions which 
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harmonised with their suggested constitution for hsematoxylin (hx. 
Met) 

^ 1 ^ \ / \ \ / \ OMe 

HO.C i I 

I ! I 

HO.Cll- 1 OMe 


MeO 



According to these authors, when tetramethylhiematoxylone is 
treated with alcoholic sulphuric acid, a new compound (i’ or 4') 
hydroxy-^ : 4 : 6': f-tetramethoxybrazan is formed, which is repre¬ 
sented by one or other of the annexed formula;:— 

MeO O 



Oxidation with chromic acid converts this substance into 
3:4:6': 7 -tetramethoxybrazanquinone (1), which by reduction and 
acetylation yields 3 : 4 : 6' : 7'-tetramethoxy (1' : 4') diacetoxy- 
brazan (2)— 


0 

MeO O 1 ! 



II 

O 
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MeO 0 OAc 



OAc 


When distilled with zinc-dust, both hydroxytetramethoxybrazan 
and tetramethoxybrazanquinone yield naphthalene. 

Herzig and Poliak (Ber., 1904, 37, 631) also found that cold 
concentrated sulphuric acid converts tetramethylhsematoxylone into 
an isomeric compound \ji-tetrame thy Ihumataxy lone, and suggested the 
following formulie as applicable to this substance— 

MeO 0 CH 

MeOt / VV X f /N pMe 

k/i\/\y° Me 

OH CH 
OH 

OH 

MeO O C 

-OqCQs 

H CH 
OH 


This by loss of water gives fi-anhydrotctramethylhamatoxylone, 
which is identical with v. Kostanecki and Rost’s hydroxytetramethoxy¬ 
brazan— 


MeO 0 OH 



Perkin and Robinson ( loc. cit.), as the result of a study of the 
work of Herzig and Poliak, have, however, shown that ^-tetramethyl- 
hsematoxylone is in reality a monobasic acid, and possesses the 
following constitution:— 


MeO 0 
MeO/\/\ 


Us 


CH CO a H- 




-CH, 
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This, by elimination of water, passes into the compound (i) and then 
by intramolecular change into hydroxytetramethoxybrazan (a) 


MeO O 


(>) 


(*) 


OMe 

/ k v JoMe 


“CO 

MeO 0 OH 


v -\A> Me 


When ^-tetramethylhaunatoxylone is treated with potassium hypo- 
bromite a colourless precipitate soon separates. This crystallises in 
almost colourless prisms or needles, and possesses the constitution 
of a tctramtthoxycumarono-iso-coumarinhydrobromide :—* 

OMe 

/\OMe 
MeO O I I 



0 


For the theoretical considerations involved in the production of this 
interesting substance the original paper should be consulted. 

Hamatcin .—When oxidised under suitable conditions, hasma- 
toxylin readily passes into the colouring matter haematein, according 
to the equation C M H u O ( + 0 » C 1S H, 2 0 # + H, 0 . 

Hatmatein was first produced by O. L. Erdmann [lx. cit.) by 
passing air through an ammoniacal solution of hsematoxylin, and 
subsequently acidifying with acetic acid. 

Erdmann and Schultz (loc. cit.) who adopted a somewhat similar 
procedure, succeeded in isolating haematein in leaflets which pos¬ 
sessed a metallic lustre. Reim, on the other hand (Ber., 1871, 4, 
331), treated an ethereal solution of hsematoxylin with a little con¬ 
centrated nitric acid. 

By extracting “ aged " logwood with ether, Halberstadt and Rei* 


4-trimethylbrazilone behaves analogously. 
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(Ber,, i88x, 14, 611) obtained 1 per cent, of a very pure crystalline 
haematein. 

Hummel and A. G. Perkin (Chem. Soc. Trans,, 1882,41,373) ex¬ 
posed an ammoniacal solution of logwood extract to the air for two or 
three days. The precipitated ammonia compound of haematein was 
collected, dissolved in water, dilute acetic acid added, and the mix¬ 
ture digested on the water-bath to dissolve as much as possible of 
the suspended amorphous haematein. The clear liquid after partial 
evaporation deposited crystals of the colouring matter, possessing a 
yellowish-green iridescence, and having the composition CitH 12 Oj. 

According to Mayer (Chem. Zentr., 1904, r, 228), haematein 
may also be prepared by oxidising htematoxylin in aqueous solution 
with sodium iodate. 

Engels, W. II. Perkin and Robinson (Chem. Soc. Trans., 1908, 
93, 1140) passed air for six hours through a solution of 15 grams 
of htematoxylin, dissolved in a solution of t5 c.c. of concentrated 
ammonia in 150 c.c. of water. The product of the oxidation was 
added in a thin stream to dilute acetic acid (250 c.c. of 10 per 
cent.) heated on the water-bath, when haematein separated in 
crystals. 

Haematein is very sparingly soluble in water and the usual 
solvents. Alkalis dissolve it readily; ammonia dissolves it with a 
brown-violet colour, whilst its strong alkaline solution has a rich 
purplish-blue colour. On exposure to air the colour of these alkaline 
solutions gradually becomes red and finally brown, the colouring 
matter being destroyed. By addition of potassium acetate to the 
boiling alcoholic solution of haematein, the monopotassium salt 
CijH n O t K is deposited (A. G. Perkin, Chem. Soc. Trans., 1899, 
75. 443)' 

Sulphurous acid or sodium bisulphite solution converts haematein 
into a colourless addition product, readily soluble in water, but no 
reduction hereby appears to occur, as on boiling the solution or by 
addition of acid haematein is precipitated. With zinc and hydro¬ 
chloric acid or with stannous chloride and caustic soda, a solution 
of haematein is decolorised, but on standing the liquid regains its 
former tint. 

It has long been considered that haematein is hydroxybrazilein, 
and this has now been clearly proved by a study of the behaviour of 
both haematein and brazilein with reagents under similar circum¬ 
stances. This relationship is at once evident from a comparison 
of the following formulae (Engels, Perkin, and Robinson):— 
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OH 0 



Brazilein. 


Hxmatein. 


When hiematuin is methylated by means of alkali and methyl 
sulphate, the product consists essentially of tetramethylhannatein 
and pentamethyldihydroharmatemol. 

Tetramethylhamalein (i) crystallises in amber prisms, and when 
digested with dilute potassium hydroxide is converted by the addition 
of water into klramelhyldiliydrohamateinol (2), yellow prisms— 


MeO 
MeO, 



C 

% 


CH 2 

C(OMe) 

CH 2 

/ 


MeO 

MeO/' 


(0 


MeO O 

PentamithyldihyJro/uemakinol, 
MeO 
MeO 


( 2 ) 


,ch 2 

IC(OMe) 

C(6h)~ ch 3 

\ / 

O 

MeO OH 


O 


/ CHj 

x C(OMe) 

C(OII) CH S 

\ / 


MeO OMe 

the second product of the reaction, crystallises in yellow plates, and 
is also produced when tetramethyldihydrohaemateinol is methylated 
with methyl sulphate and alkali. 

In the year 1882 Hummel and A. G. Perkin (Chem. Soc. Trans., 
41, 367) observed that haematein and also brazilein are converted by 
the action of mineral acids into orange or red salts, from which the 
original colouring matters could not be regenerated. ' 
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When hsematein is dissolved in cold sulphuric acid, a reddish- 
brown solution is produced from which, by cautious addition of 
acetic acid, minute orange-coloured prisms of acid isohamatein- 
sulphait , C 1s Hi 2 0 5 S 0 4 , are deposited. The reaction may be repre¬ 
sented thus: Ci 5 H,.j 0 6 + H,SO., = C w H 12 0 5 S 0 4 + H s O. This 
substance, when left in contact with 80 per cent, alcohol, is gradually 
transformed, with loss of sulphuric acid, into a new compound cry¬ 
stallising in orange-red plates possessing a strong metallic lustre and 
to which the formula {C 1( ,H ia 0 l ,) 2 C w H 1J 0 4 S 0 4 was assigned. On 
the other hand, hydrochloric and hydrobromic acids in sealed tubes 
at 100° convert hsematein respectively into isohamatein chlorhydrin, 
CjjHnOj. Cl, and isohamatein bromhydrin , C 1# H u 0 5 Br, which cry¬ 
stallise in orange-red needles. 

If to an aqueous solution of whtematein chlorhydrin or brom¬ 
hydrin silver hydroxide is added to remove the halogen, a solution 
of isohamatein is obtained, which on evaporation leaves this sub¬ 
stance as an amorphous mass possessing a green metallic lustre, 
/jnhsematein and its salts dissolve in solutions of the alkaline 
hydroxides with a red-violet colour which is easily distinguished 
from the corresponding blue-violet solution of hsematein; moreover, 
the dyeing properties of these compounds and hsematein differ con¬ 
siderably. Thus the fwhsematein derivatives give, on cotton mor¬ 
danted with alumina, a dull red inclining to chocolate, with strong 
iron a black, and with mixed alumina and iron a full chocolate. 
Again, the tinctorial power of these compounds is much greater than 
that of the original hsematein, and the colours are much faster. 

As the result of the investigation of a large number of pyranol 
salts (W. H. Perkin, Robinson, and Turner, Chem. Soc. Trans., 
1908, 93, 1085), it seems certain that these hsematein salts are 
derivatives of 4 : yindenobenzopyranol (x), and that whsematein 
sulphate possesses the constitution (2)— 



0 

hso 4 

HO 0 

/\. CH 

"OfYr 

\/ c \ 

(*) \A/ c \ 

C(OH) CH, 

C CH. 

\ / 

\ / 

O 

/~\ 

HO - OH 
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/rehsematem chlor* and bromhydrins are formulated similarly. 
Thus from tetramethylhsematein, Engels, Perkin, and Robinson 
[loc. cit.) have prepared 5'- hydroxy -7 : 8 : ^-trinutkoxy-^ : yindeno- 
btntopyranol (r : 4) anhydroftrrichloriie — 


FeCI, 
MeO O 


MeO, 


^\CH 

»C 

\/ L \ 

C CH. 

\ / 


MeO OH 


which crystallises from acetic arid in well-defined elongated prisms. 
Pentamethyldihydrohaemateinol, on the other hand, gives 7:8:4': 5'- 
Mramethoxy- 4 : 3 -indcnobeniopyranol (1:4) anhydroferrichloride— 


MeO 
MeO 


FeCl, 

O 

/\ 


CH 

VvK 

C CHj 

\ / 

c> 

MeO OMe 


Before being used by the dyer, logwood is reduced to chips or 
powder, and these products are known as “chipped,” “rasped," or 
“ ground ” wood. When first cut down the wood has a pale yellow 
colour and contains only haematoxylin, but during transport or 
storage this colour gradually deepens owing to a surface oxidation 
of the hsematoxylin into haematein. Formerly, and even to some 
extent at the present time, it was the practice to submit the chipped 
or rasped logwood to what is known as the “ageing” process, in 
order to facilitate the haematein formation. This consists in wetting 
the wood thoroughly with water, then forming it into heaps, 4 to 5 
feet high, in large airy chambers. Very soon the mass begins to 
ferment, which is indicated by a rise of its internal temperature, the 
wood gradually darkens in colour, and during the operation the 
mixture is repeatedly turned over and remixed in order to avoid too 
vigorous a fermentation and to obtain an even result. Constant 


379 



THE NATURAL ORGANIC COLOURING MATTERS 


attention is necessary during this “ageing” process, for if the re¬ 
action is allowed to proceed too far, a portion of the colouring matter 
is destroyed, and “burnt’ 1 or “over-aged” wood is produced. In 
order to expedite this operation, the use of various oxidising agents 
has been suggested; a sprinkling of the wood with ammonia has 
been said to exercise a beneficial result; but, on the other hand, 
such processes are best avoided, for it is difficult under these circum¬ 
stances to control the reaction and prevent an over-oxidation. 

Latterly this ageing operation has been less in vogue, not only on 
account of the increased employment of logwood extract, but because 
it is now recognised that where the mordant employed for dyeing 
purposes can exert an oxidising action, this preliminary treatment is 
unnecessary. Formerly, logwood blacks on wool were produced by 
means of an iron mordant, but this is now largely replaced by the 
use of potassium dichromate, which provides a mordant possessing 
the power of converting at least a portion of the haematoxylin into 
haematein. 

Logwood extract is now prepared in enormous quantity not only 
in this country but also in Jamaica in the neighbourhood of the log¬ 
wood plantations, and in the latter case an economy is naturally 
effected in the carriage of some varieties of the extract rather than 
that of the more bulky wood to this and other countries. Logwood 
extract is almost invariably prepared from the “ unaged ’’ wood, 
because whereas haematoxylin is readily soluble in water, haematein 
is not. On this account, an aged wood is difficult to exhaust. For 
the manufacture on the large scale, two processes are in vogue known 
respectively as the “American” and “French” methods. These 
differ merely in the manner in which the wood is lixiviated, for this 
is carried out by the French process in open pans with warm or boiling 
water, whereas in the American process, closed vessels are used in 
which steam at from 15 to 30 lb. pressure is employed. In both cases 
the liquid is afterwards concentrated, preferably in vacuum pans, 
and the product is sold at about 15° Tw. as logwood liquor , at 51° Tw. 
as logwood extract , or in the solid condition as solid logwood extract. 
As a rule, it is considered that the extract made at the lower 
temperature gives the brighter shade. 

Certain processes are in use for the “ageing” of “logwood 
liquor," that is the conversion of the dissolved haematoxylin into 
haematein. For this purpose the following methods have been sug¬ 
gested : (a) treat the logwood liquor with bleaching powder solution; 
(i) half neutralise with alkali or ammonia and blow air or oxygen 
through the liquid; (c) employ air or oxygen for this purpose with- 
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out the addition of alkali; (d) boil with manganese dioxide (Weldon 
mud) and filter. Interesting also in this respect is the patented 
process of Haak (Chem. Zentr., 1905, ii., 867), who treats the extract 
with sodium nitrite. 

A very important product more recently introduced is the so- 
called crystalline luematein paste, which is a treacly extract con¬ 
taining in suspension minute crystals of hamatein. The details of 
the preparation of this material, which appears to have been first 
introduced from Jamaica, although now also manufactured in this 
country, are kept secret. For experimental purposes, this paste may 
be employed as the source of a comparatively pure luematein, which 
can be isolated from it by dilution with glacial acetic acid and sub¬ 
sequent filtration (private communication). 

Logwood and its extracts are enormously employed for the dye¬ 
ing of blacks on silk, wool, and to a less extent with cotton, chiefly 
in conjunction with iron and chromium mordants. It also enters 
into the composition of numerous compound shades. 

Bastard Logivood .—During the past few years the growers of log¬ 
wood in Jamaica have been greatly disturbed by the apparent 
increase on their properties of an unmerchantable variety of the tree 
known as “bastard” logwood. Bastard logwood is practically 
devoid of hsematoxylin, but contains instead a yellowish-green pig¬ 
ment which, when admixed with the commercial extract, reduces its 
characteristic tinctorial properties. Chips of the bastard logwood 
present a yellow, pale pink, white, or even chocolate coloured sur¬ 
face instead of the dark red or purple-bronze tinted colour of the 
best Jamaican or Mexican logwoods of commerce. 

So similar are the trees of the “ true ” and the * bastard ” log¬ 
wood, that it is frequently impossible to decide whether a tree is 
really a “ mulatto ” or not. When first cut a bastard tree is fre¬ 
quently dark enough internally to indicate that it is a good red-wood 
tree, but instead of darkening with age, as all the best wood does, 
it remains the same colour or becomes lighter rather than darker. 

Chemical tests readily distinguish between the red and bastard 
wood, for whereas alkaline solutions turn an extract of true logwood 
a purple colour, with a bastard extract the shade of yellow is merely 
deepened. Again, mineral acids turn aqueous extracts of true log¬ 
wood orange to bright red, whereas a bastard extract is not thereby 
affected. 

Dyeing trials, employing stripe mordanted calico, are also service¬ 
able, because, in the case of the bastard variety, the aluminium 
mordant remains practically colourless. 
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H*matoxylon africanum. 

The genus haematoxylon has hitherto been represented by only 
one species, the H campcachianum, and the recent discovery of a 
South African species is of particular interest. This, now termed the 
H. africanum, was found among the rocks at Holoog in Great 
Namaqualand by Dr. H. H. W. Pearson in February, 1909, during 
the Percy Sladen Memorial Expedition in South-West Africa, 1909. 
It consists of a shrub 1—rj metres tall, the flowers of which are 
yellow, and the leaves smaller than those of the H. campcachianum 
(Stephens, Trans. Roy. Soc. S. Africa, 1913, iii., 2, 255). 

Stems of this plant sent to England for examination were covered 
with a thin brownish bark, and varied from £—inches in dia¬ 
meter, and from 11—16 inches in length. Cut transversely they 
were seen to consist mainly of a reddish-brown core surrounded by 
an almost colourless layer of wood, and this core, as is the case with 
logwood itself, darkened somewhat on exposure to air and became 
of a richer colour. When ground, the ochre-coloured powder 
is of a much lighter tint than either ground logwood or Brazil¬ 
wood. 

The aqueous extract of the ground wood gives in comparison 
with those obtained from logwood and Brazil-wood the following 
colour tests 



H a/ncanum. 

Braril-wood. 

Logwood. 

NaOH . . 

Pink. 

Crimson. 

Deep red-violet. 

FeCI, . . 

Brown. 

Deep brown. 

Purplish-black. 

Pbf Ac),. . 

Pale pink almost 
colourless precipitate. 

Pink precipitate. 

Deep blue precipitate. 


The alkaline extract of the II. africanum on boiling deepens 
considerably in colour and possesses a faint greenish fluorescence, 
and this property is also exhibited by the corresponding extract of 
Brazilwood. 

Dyeing trials with both the H. africanum (170 per cent.) and 
Brazilwood (40 per cent.) employing mordanted woollen cloth gave 
the following shades:— 
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Cr. 

A]. 

Cu. 

So. * 

Fe. 

H. africanum 

Red-brown- 

violct. 

Dull 

bluish-red. 

Brown. 

Very pale 
brown. 

Dull purple. 

Bratilumd . 

Red-violet. 

Bluish-red. 

Claret-brown. 

Red-brown 
very pale. 

Blue-violet. 


The H. africanum , therefore, differs from logwood in that the 
colouring principle it contains is not hematoxylin, but a substance 
which somewhat closely resembles brazilin in its general properties. 
It is a much poorer dyestuff than Brazilwood and on this account is 
of no technical importance, but should it eventually prove to contain 
brazilin, the matter is of special interest in view of the connection 
between this latter and htematoxylin which has been shown to exist 
by W. H. Perkin and his co-workers ( loc. tit.). The slight difference 
in the properties of the H. africanum and Brazilwood may be due to 
certain impurities in the former dyestuff not possessed by the latter, 
but on the other hand a methyl ether of hrematoxylin of the type 


OCH, 


0 


h tY 

x/ X CH 


\C 1 I 2 

/(-(OH) 

\ 

ch 2 


/■“—\ 

\ _ / 

OH OH 


will without doubt dye shades of an almost identical character with 
those given by brazilin itself (Peikin, J. Soc. Dyers, 1918, 34, 99). 
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CHAPTER X. 

o-PYRONE OR COUMARIN GROUP. 

Daphnetin. 

Though colouring matters containing the y-pyrone nucleus are natur¬ 
ally prolific, this is not the case with those containing the o-pyrone 
grouping— 

CH X x CO 

II I 

CH. X'H 

and indeed but one member of this series, namely daphnetin, has at 
present been isolated. This is somewhat remarkable, for though 
coumarin or pheno-o-pyrone, 

/\/ 0 \CO 

U x ch /ch 


which is to be regarded as the mother substance of this class, can 
only yield a very limited number of hydroxy compounds having 
tinctorial property, the introduction of phenyl or other groupings 
into the molecule, as in the case of the y-pyrone compounds previ¬ 
ously described, obviously much increases its possibilities in this 
respect. Compounds of this type have indeed been synthetically 
prepared and are described below. 

The literature referring to coumarin and i,s derivatives is too 
voluminous to be given in any detail here, and a brief r£sum 4 of 
those points immediately bearing on the subject of this volume can 
only be dealt with. 

Coumarin itself, which occurs in the Tonka bean and in numerous 
other natural products, is the lactone of e-cumaric (o-hydroxycin¬ 
namic) acid— 


C S H ( / 


OH 

CH 


= CH.COOH 
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It was first artificially prepared by the late Sir W. H. Perkin from 
salicylic aldehyde, acetic anhydride, and sodium acetate— 
QHjCOH + CH,. COONa - C,H,CH - CH . COONa + H,0, 
the sodium »-cumarate thus obtained passing on acidification into 
coumarin. 

Pechmann and Duisberg (Ber., 1883, 16, 2119) synthesised 
coumarins and hydroxy-coumarins substituted in the side chain by 
the interaction of aceto-acetic ether, or benzoyl acetic ether, with 
phenols in the presence of dehydrating agents thus— 

Cf.HjOH + CH,. CO. CH,,. COOEt 


/\ ' ° ' CO 

\A C (ch/ (, - :h 


+ HoO + EtOH 


Such a method was also employed by v. Kostanecki and Weber 
. (Ber., 1893, 26, 2906) in the synthesis of a w-dihydroxyphenyl 
coumarin— 


HOf /X l- /OX ' co 

U\ C /CH 

OH V 
C«H r , 


from benzoyl acetic ester and phloroglucinol, and it appeared possible 
at that time that chrysin, the colouring matter of poplar buds, now 
known, however, to be in reality a dihydroxyflavone, possessed this 
structure. 

In the same way also pyrogallol and benzoyl acetic ester give 
/8-phenyl daphnetin— 

OH 

hoA/Nco 

\A c /ch 

C«H S 


This consists of faintly yellow needles, soluble in alkaline solu¬ 
tions with a red colour which dye with aluminium mordanted fabrics 
a bright yellow shade. 

Coumarin forms oxonium compounds, and though itself sparingly 
soluble in water readily dissolves in concentrated hydrobromic and 
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hydrochloric acid with the formation of the corresponding salts. 
The unstable hydrobromide thus obtained was first isolated by Ebert 
(Annalen, 1884, 226, 347), and the following compounds of this class 
have been described by Morgan and Micklethwait (Chem. Soc. 
Tfans., 1906, 89, 863). 

Coumarin platinichloride , C M H 24 0 8 , H 2 PtCl 5 , 4H 2 0, yellow 
needles, C. aurichloride, 4C s H s O., AuC 1 4 , 4HX), C. cobalticyanide, 
3C 9 H 8 0 2 , H s Co(CN) s , 3 H s O, colourless crystalline precipitate, and 
C. hydriodide periodide, 4C 9 H,0 2 , HI, I 3 , dark green needles. 

Daphnetin. 

Daphnetin is present in the form of its glucoside daphnin in the 
bark of the Daphne alpina (Linn.) and D. mezereum (Linn.). 

The concentrated alcoholic extract is digested with boiling water, 
filtered, and treated with lead acetate solution. The precipitate is 
removed, basic lead acetate added to the filtrate, the lead compound 
of the glucoside decomposed with sulphuretted hydrogen, and the 
solution evaporated (Zwenger, Annalen, 115, 8). 

Daphnin, C 15 H 18 0 ,i, 2H a O, crystallises in prisms, melting at 200°, 
and dissolves in alkaline solutions with a yellow colour. It is 
hydrolysed by boiling dilute acids with formation of daphnetin and 
glucose, CiaHiflO,) + H.O — C 9 H 8 0 4 4 - L 9 H 32 0 3 . 

Daphnetin , C 9 H 8 0 4 , forms pale yellow needles, is soluble in 
alkalis with a yellow colour, and gives a yellow precipitate with lead 
acetate solution. On acetylation, a diacetyl- derivative, 
C„H 4 0 t (C,H 3 0) 2l 

is obtained, and by means of ethyl iodide a diethyl ether, 
C»HA(OEt) 2 , 

is produced. When daphnetin diethyl ether is boiled with caustic 
soda solution, the diethyl ether of daphnetinic acid, 

,OH 

(OEt) 2 C,H/ 

X CH =CH.COOH 

is produced in the form of its sodium salt, which when ethylated 
gives the triethyl derivative— 

/OEt 

(OEt) a C,H s < 

XH-CH.COjH 
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By oxidising daphnetinic acid.triethyl ether trUthoxybtmaidtkydt 
is formed, which is readily converted into triethoxybenroic acid. 
The silver salt of this acid, when destructively distilled, gives pyro- 
gallol triethyl ether. Daphnetin is accordingly a dihydroxytoumarin , 
and has the following constitution :— 

OH 0 . 

Ho/y CO 


(Will and Yung, Ber., 1884, 17, io8r). 

It has been synthetically prepared by heating pyrogallol with 
malic acid in the presence of sulphuric acid (Pechmann, Ber., 17, 
933 ). C ( H, 0 , + C,H 3 (OH) 3 = C„HA + CO, + aH ,0 + H 3 , and 
by the condensation of pyrogallic aldehyde with sodium ace||te 
j(Gatterraann and Koebner, Ber., 1899, 32, 287)— 

C s H 3 (OH) 3 . CHO + CH 3 . COOH = C,H, 0 , + 2 H 2 0 

1 Daphnetin is a yellow colouring matter, and gives with mordanted 
woollen cloth the following shades:— 

Chromium. Aluminium. Tin. Iron. 

Olive-yellow. Pale olive-yellow. Very pale yellow. Olive-black. 
(Perkin and Wilson, Chem. Soc. Trans., 1903, 83, 134). 


\ /' 


CH 


// 
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DJCINNAMOYL METHANE GROUP.. 

/CO . CH : CH . C 6 H 5 
CH„< 

N CO. CH : CH . C„H 5 


Turmeric. 

Turmeric ( Indian saffron ; Terra merita). —'The so-called turmeric 
root of commerce is the underground stem or rhizome of Curcuma 
longa (Linn.), or of various species of Curcuma —e.g. C. tinctoria, 
C.jyiridiflora (Roxb.), etc. These plants, belonging to the Scita- 
mines, are indigenous to Southern Asia, and are there largely culti-. 
vated, being exported from China, Madras, Bengal, Java, Malabar, 
Batavia, and Barbadoes. Those varieties which are derived from the 
central rhizomes are more or less round ( Curcuma rotunda , Linn.), 
while the lateral rhizomes are long and finger-shaped (C. /onga). 
When of good quality these commercial varieties are hard, and possess 
a dull, waxy, resinous fracture, the external colour being yellowish- 
grey, and internally orange-brown, but producing, when ground, a 
somewhat bright yellow powder, having a strong characteristic odour 
and a peppery bitter taste. 

The rhizome of Canna sfeciosa , a West African plant, is said to 
be exactly similar to East Indian turmeric in taste, smell, and 
chemical reactions (Daniell, Pharm. J., 19, 258). It is cultivated 
in Sierra Leone, and furnishes the so-called “ African turmeric 

According to Pelletier and Vogel (Annalen, 44, 297), turmeric 
contains cellulose, gum, starch, mineral matter, a strong-smelling 
volatile oil, a brown colouring matter, and a characteristic yellow 
colouring matter named by them Curcumin. Pectin and pectic acid 
are also present (Schutzenberger). Kachler (Ber., 3, 713) found a 
notable quantity of potassium binoxalate. 

Pelletier and Vogel’s method of isolating the curcumin consisted 
in first removing the fatty, resinous, and other impurities by extract, 
ing pulverised turmeric with water and carbon disulphide, then dis¬ 
solving out the colouring matter with boiling alcohol, and purifying 
it by successive solution in ether and alcohol, precipitation with lead 
acetate, and subsequent treatment with hydrogen sulphide and ex- 
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traction of the product with ether. It was thus obtained as an 
amorphous yellow powder. 

Lepage adopted a similar method, but after extraction with 
carbon disulphide the colouring matter was dissolved in alkali, pre¬ 
cipitated with acid, and finally purified by means of ether. 

Daube was the first to obtain curcumin in the crystalline state. 
He removed essential oil by passing a strong current of steam over 
the coarsely-ground turmeric, then thoroughly extracted it with hot 
water, and finally treated the dried residue with boiling benzene. 
On cooling the solution thus obtained, crude curcumin separated as 
bright orange-red crystalline crusts, which were pressed between 
blotting-paper, and dissolved in cold alcohol. After filtering off 
some yellow flocculent substance, the solution was precipitated with 
an alcoholic solution of neutral lead acetate, adding finally a little 
basic lead acetate in order to neutralise almost entirely the liberated 
acetic acid and prevent thereby any solution of the colour-lake. 
, The brick-red precipitate was washed with alcohol, suspended in 
water, and decomposed with hydrogen sulphide. The liberated 
curcumin was extiacted from the precipitate with boiling alcohol, 
from which it crystallised on slow evaporation. 

Benzene is very suitable for the isolation of pure curcumin, for 
although it is very little soluble in this liquid, the resinous impuri¬ 
ties are not dissolved thereby. 

Gajewsky (Ber., 3, 265) obtained crystalline curcumin by first 
extracting turmeric root with carbon disulphide, then dissolving out 
the colouring matter with ether, and purifying it by fractional cry¬ 
stallisation from ether or benzene. He detected the presence of 
another colouring matter and also traces of an alkaloid. This 
chemist obtained an increased yield of colouring matter by washing 
the dry ethereal extract with dilute ammonia to remove resin, then 
dissolving the brittle residue in boiling concentrated ammonia solu¬ 
tion and precipitating with carbon dioxide; 250 grms. ethereal 
extract gave too grms. flocculent curcumin, melting-point 140°. 
Jactfson (Ber., 14, 485) also obtained crystallised curcumin by first 
removing the oil by long extraction with carbon disulphide (sixty 
hours), then thoroughly extracting (sixty hours) with ether, and after 
washing the orange-coloured product thus obtained with cold alcohol 
or ether, crystallising from hot alcohol. 

Perkin (Chem. Soc. Trans., 1904, 85, 63) precipitates an alcoholic 
turmeric extract with lead acetate, washes the lead compound first 
with alcohol then with water, and decomposes it with dilute sulphuric 
acid. From the mixture of lead sulphate and curcumin the latter 
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is removed with boiling alcohol and the extract evaporated and 
poured into ether, which causes the separation of tarry impurities. 
The ethereal solution, after evaporation to a small bulk, is treated 
with carbon disulphide and allowed to stand, the crystals which 
separate from time to time being removed. o - 56 per cent, of cur- 
cumin was thus obtained from turmeric. 

Curcumin crystallises from alcohol in orange-coloured prisms, 
melting-point 165° (Daube), 172 0 (Gajewsky), 178° (Jackson), and 
183° (Ciamician and Silber, Ber., 30,192), and is soluble in ether, form¬ 
ing a green fluorescent liquid. Alkaline solutions dissolve it with a 
reddish-brown colour, which when neutralised passes to yellow, and 
on this account it is useful in the form of “turmeric paper” as a 
reagent for alkalis. Whereas Daube assigned to curcumin the 
formula C 10 Hi 0 O 3 > Gajewsky (C 4 H 4 0 )„, probably C w H 1# 0 4 , Jackson 
considered that C 14 H 14 0 4 or C 28 H 2s 0 8 were more reasonable expres. 
sions, and of these Jackson and Menke (Amer. Chem. J,, 6, 78) pre¬ 
ferred the former, and prepared the following derivatives harmonising 
with this view:— 

Dihydrocurcumin, C !4 H w 0 4 , brownish-white powder, melting- 
point 100° ca.; dihydrocurcumin anhydride, CjjHjoOj, dirty white 
powder, melting-point 120° ca. : diethylcunumin , C J8 H 22 0 4 , brownish 
tar; p-brombenixlcurcumin, C sl H u J!r 0 4 , pale yellow crystals, melting- 
point 76—78’; acetyluraemia, C 18 H 15 O.,, brownish mass ; diacetylcur- 
cumin, C 18 H ls O # , yellow rhombic crystals, melting-point 154°; 
curcumintetrabromide, C 14 H 14 0 4 Br 4 , powder, melting-point 185° ca.; 
tetrabromcurcumin , C M H )0 Br 4 O 4 , red powder; pentabromcurcumindibro- 
mide, C u H„Br ! , 0 4 . Br 3 , red powder, melting-point 120 ' ca.; potassium 
curcumin, KC l4 H !3 0 4 , red powder, and dipotassium curcumin 7 
K 2 C 14 H,A, red needles. By fusion with alkali curcumin gives 
protocatechuic acid', when oxidised with permanganate vanillin , and 
the diethyl ether by similar treatment yields vanillic acid ethyl ether. 
Jackson and Menke represented curcumin by the following formula;— 

C«H 3 (OH)(OCH 3 )CH(CjH, )C 0 4 H(CH : OCH 3 ; OH » 1:3:4) 

More recently Heller (Ber., 1914, 47, 2998) has obtained 
dihydrocurcumin, now shown to possess the formula C 21 H 24 0 ,, by 
catalytic reduction, as colourless needles, melting-point 95—96°. - 

Ciamician and Silber (Ber., 30, 192), as the result of methoxy 
determinations, assigned the tormula C 21 H 20 O, or C 19 H 14 0 4 ( 0 CH a ) s 
to curcumin, and prepared diacetykurcumin, CjiHj 8 0 8 (C s H,0)|, 
needles, melting-point 170—171°; and curcumin dimethyl ether, 
C 18 H 12 O s (OCH 3 ) 4 , yellow needles, melting-point 135 0 . Digested 
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with hydroxylamine hydrochloride in alcoholic solution curcumin 
gave the compound C 2 iH 1# NO s (i.e. C S jH a r,O f NOH—H.O), needles, 
melting-point 178°, whereas phenylhydrazine gave a substance 
crystallising in colourless needles. 

Perkin (Chem. Soc. Trans., 1903, 83, t4o, and 1905, 85, 63) by 
means of alcoholic potassium acetate, obtained from curcumin the 
monopotassium salt CjjH^OjK, fine orange-red needles. A benzoyl 
curcumin , pale yellow needles, melting-point 176—178“, was also pre¬ 
pared, and gave by the cryoscopic method numbers harmonising 
with Ciamician and Silber’s formula. 

Molecular weight determinations, however, according to Jackson 
and Clarke (Ber,, 1905, 38, 2712), indicated the correctness of the 
formula C h H ] 4 04, and again (1 'bid., 1906, 39, 2269) these authors 
pointed out that unless special care is employed, Zeisel’s method 
gives erroneous figures with curcumin. When heated with hydriodic 
acid at 120° a correct result is given, but above this temperature 
curcumin gives a colourless oil rich in iodine (75‘75 per cent.) 
which reacts with the alcoholic silver nitrate solution. 

v. Kostanecki and Lampe (ibid., 1910, 43, 2163) consider that 
Ciamician and Silber's formula C 2] H 2 „ 0 # correctly represents cur¬ 
cumin, and describe dicarbome/hoxycurcumin , 

C„H w 0 2 ( 0 . COOCH 3 ) 2 (OCH 3 ) 2 , 

yellow prisms, melting-point 150°, and dicarbethoxycurcumin, yellow 
leaflets, melting-point 149—150°. 

When curcumin is boiled with potassium hydroxide solution, 
vanillic acid and feruhe acid, 

OCHj 

HO<^~)-CH : CH . COOH, 

are produced. As a result these authors consider that the constitu¬ 
tion of this colouring matter is as follows:— 

(0 (3) (4) 

-CO . CH : CH . C»H,(OCH,)OH 
CH/ 

X C 0 . CH : CH . C,H a (OCH,)OH 
(*) (3) (4) 

Further support for this formula is given by the fact that curcumin, 
like / 3 -diketones, gives when treated with hydroxylamine an iso- 
oxazole derivative, and the compound prepared by Ciamician and 
Silber is probably 4 . y-dihydroxy 3.3'- dimethoxy-a. : 7 dislrylis- 
oxazolc— 
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-CH:CH.C 6 H,(OCH,)OH 

CH \ / 

' c --CH : CH . C,H 3 (OCH 3 )OH 


Ryan and Dunlea (Proc. Roy. Irish Acad., 1913, 32, 9) attempted 
to obtain dicinnamoylmethane— 

,C 0 . CH : CH. CjHj 

ch 2 ( 

X C 0 . CH : CH . C,H 5 

by condensing cinnamic ester with cinnamoyl acetone in the presence 
of sodium without success, though with saturated ketones such a 
reaction proceeds normally. Thus cinnamic ester and acetone give 
cinnamoyl acetone (cinnamoyl-acetyl-methane)— 

C„H 5 . CH : CH . CO. CH 3 . CO. CH 3 , 
a substance crystallising in yellow needles, melting-point 83—84°, 
and capable of dyeing mordanted wool. 

Ryan and Algar (1 'bid., 1913, 32, 9) again obtained methylcin- 
namoyl pyruvate— 

/CO. CH : CH . C„H 5 
CH,( 

X CO . CO . OCH 3 


from cinnamyl methyl ketone and methyl oxalate which crystallises 
in yellow prisms, melting-point 70°, also capable of dyeing mordanted 
wool. Numerous compounds of this type have been described by 
Ryan and his co-workers, and in a paper by Ryan and Plumkett 
[ibid., 1916, 199) a list of the dyeing properties of some of the com- 
, pounds on wool is given, of which the following is an abstract: — 



Chromium. 

Aluminium. 

Tin. 

Iron. 

Cinnamoyl-acetyl-methane . 

Dark 

Light 


Bright red 

Cinnamoyl-benzoyl-methane 

yellow 

yellow 


Dark 

Light 

— 

Reddish- 

Methyl cinnamoyl-pyruvate 

yellow 

yellow 


brown 

Russet- 

Orange- 

Light 

Reddish- 

Cinnamoyl-pyruvic acid 

brown 

yellow 

orange- 

yellow 

brown 

Brown 

Orange 

Orange 

Deep reddish- 
brown 
Reddish- 

^-methoxydnnamoyl-pyruvic 

Chocolate- 

Bright 

Bright 

acid .... 

brown 

orange 

orange 

brown 

3.4 dimethoxycinnamoyl- 
pyruvic acid . 

Chocolate- 

red 

Orange- 

red 

Orange- 

brown 

Dark choco- 
late-brown 

Curcumin .... 

Brown 

Orange- 

Orange- 

red 

Brown-black 



yellow 
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The shades given by these compounds are of a similar nature to 
those produced by curcumin itself, and the results of these authors 
thus support v. Kostanecki’s formula for this compound. In 
comparing the three compounds, curcumin (i), methyl 3.4 dimethoxy 
cinnamoyl-pyruvate (2), and 3 .4 dimethoxycinnamoyl pyruvic 
acid (3), 


OCH 3 



(2) CH, X 


/CO. CH:CH- 
CO. CO . OCHj 


■OCHj 


( 3 ) 


ch 2 / 


CO . CH : CH—, 
CO.COOH 


OCH, 

^>OCH, 




Ryan and Plumkett point out that in all these compounds the 
same double chromophore —CO—CH : CH— is present, together 
with the acidic methylene radical which is here the auxochrome. 
Though in curcumin the double chromophore occurs twice, its effect 
is to some extent balanced by the fact that the methylene radical 
in XCO . CH,. CO . COOR possesses much stronger auxochromic 
property than in the group XCO . CH,. COX, In curcumin, again, 
the auxochromic effect of the hydroxyls in the vanillin nuclei can 
only be slight. 

In 1913 Lampe and Milobedzka (Ber., 46, 2233) succeeded in 
synthesising dicinnamoyl-methane, the mother substance of curcumin, 
in the following manner:— 

Cinnamoylaceto-acetic ester (Fischer, Ber., 1883, 16, 166), 

C»H S . CH : CH . CO . CH(COOEt)COCH„ 

on hydrolysis and simultaneous loss of carbon dioxide gives cin- 
namoyl acetone— 

C,H,. CH : CH . CO. CH 2 . CO . CH 3 

The monosodium derivative of this latter when condensed with 
cinnamic chloride gives dicinnamoyl-acetyl-methane (dicinnamoyl 
acetone)— 
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C,H 8 .CH:CH.CO.CH.CO.CH:CH.C,H 5 
I ' 

CO.CHj 

which oil hydrolysis splits off acetic acid with formation of dicin- 
namoyl-methane— 

C,H s .CH:CH.COv 

)ch 2 

C,H 5 .CH:CH.CO / 

This compound, which crystallises in yellow prismatic needles, 
melting-point 144°, dissolves in sulphuric acid to form an orange-red 
solution possessing a yellow fluorescence. Both in its chemical and 
physical properties it closely resembles curcumin, and dyes cotton 
yellow shades which, however, are weaker than those given by cur¬ 
cumin itself. 

In 1914 (Ber., 47, 887) Heller described a stereoisomeride of 
curcumin which he named iso-curcumin, and this he obtained as a 
reddish-yellow crystalline solid, sintering at 140° and melting near 
180°, by condensing vanillin with acetylacetonc in the presence of 
hydrochloric acid— 

/CO. CH S 

CH 2 ( + 2C»Hj(OH){OCH 3 ) . COH =. 

x CO . CHj 

/CO. CH : CH . C t Hj(OH)(OCH,) 

CH/ + 2 h 2 o 

'CO. CH : CH . C s H c (OH)(OCH 3 ) 

Ryan and Dunlea (Proc. Roy. Irish Acad., 1915, 32, B., 657), 
however, criticised this statement. They find that the first pro¬ 
duct of-the action of benzaldehyde on acetyl acetone in this way is 
not benzylidene acetone, C 8 H 5 CH; CH . CO. CH 2 . CO. CH 3 , but a 
chlorinated compound which on heating in vacuo gives 

CHj—CO—C—CO—CH a 


CH 


C,H n 

Iso-curcumin thus may be the trivanillin condensation product, 
with which indeed Heller’s analytical results agrfce— 

/CO. CH : CH . C 8 H 6 (OCH 3 )OH 
CH 3 0(0H)CjH 3 . CH : c( 

'CO. CH : CH . C 8 H 5 (0CHj)0H 
Heller (Ber., 1914, 47, 2998), however, states that this criticism 
of Ryan and Dunlea is unjustified in that iso-curcumin is a chlorine 
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free colouring matter. Iso-eurcumin shows a faint reaction with 
ferric chloride, and is to be regarded as a mixture of ketone with a 
little enol, whereas curcumin is decidedly enolic. Ethykarbanato- 
iso-curcumin melts at 14 2°. 

It is well known that n mixture of boric and hydrochloric acids 
imparts to turmeric paper a brown colour which is turned blue by 
alkalis. This reaction was investigated by Schlumberger (Bull. Soc. 
Chem., [ii.'J, 5, 194), who found that when an alcoholic extract of tur¬ 
meric is heated in a sealed tube with boric acid, a red crystalline 
boric acid derivative is produced, soluble in alkaline solutions with 
a purple-violet colour. Boiling water decomposes this compound 
with elimination of boric acid, and formation of pseudo-curcumin , a 
yellow powder. If the alcoholic solution of the boric acid compound 
is digested with strong hydrochloric acid, a black substance separates, 
whereas boric acid remains in the liquid. 

On extracting the black powder with a mixture of alcohol and 
acetic acid, the filtrate deposits green iridescent crystals of rosocya- 
nine. 

Rosocyanine is readily soluble in alcohol containing a trace of 
mineral acid and dissolves in ammonia solution with a blue colour. 
It is, according to Schlumberger, an unstable substance, and if boiled 
for a long time with alcohol, is converted into pseudo-curcumin. 

Jackson and Clarke (he. cit.) prepared rosocyanine by heating a 
solution of curcumin in dilute alcohol with boric and sulphuric acids, 
and describe it as a purplish-red powder, closely resembling powdered 
rosaniline. These authors considered it to be isomeric with curcumin, 
C u H u 0 4 , and described an ammonium salt, C 14 H u 0 4 NH 4 , and a 
potassium salt, C 14 H la 0 4 K, both of which possess an intense blue 
colour. 

The tinctorial properties of curcumin are of special interest, 
for not only is it a strong colouring matter towards mordants, but 
with cotton, wool, and silk it behaves also as a substantive dyestuff. 
In the latter case it is only necessary to add the material to a boiling 
decoction of the colouring matter. Though considerably employed 
up to within recent years by the wool and silk dyer in the formation 
of olives, browns, and other compound colours, turmeric is now but 
rarely used for dyeing purposes in England. In India, however, it 
appears to be still in vogue. 

Cotton is usually dyed in a decoction of turmeric rendered 
slightly acid by the addition of a little acetic'acid, or alum may be 
employed. The colour does not resist either the action of light or 
of alkalis, and readily acquires a brownish-red tint. Wool may be 
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dyed without any addition, keeping the temperature about 60°. By 
previously mordanting with alum a brighter effect is produced, 
whereas tin mordant gives a more orange colour. Potassium 
dichromate and ferrous sulphate employed in a similar manner yield 
respectively olive and brown coloured shades. 

Silk is preferably dyed in an acid bath, and is sometimes pre¬ 
viously mordanted. 

Turmeric oil is the thick orange-coloured aromatic oil present to 
the extent of 3-23 per cent, in turmeric from which it can be extracted 
by means of carbon disulphide. Holley examined the portion dis¬ 
tilling over at 230—250°, and considered it to be identical with 
carvol, whereas Gajewsky (ioc. cit.) found the portion distilling over 
at 220—228° contains less carbon and more hydrogen than that 
which passes over at a higher temperature. On oxidising the latter 
portion with chromic acid, an acid oil is obtained which contains 
valeric, caproic, and terephthalic acids. Jackson and Menke (ioc. cit.) 
analysed that portion which distils over at 285—290°, and gave it 
the formula C I9 H 28 0 , and the name humeral, and obtained turmeryl 
chloride, C l6 H 2J CI, sodium turmeroi, C le H 2 ;ONa, and turmerol iso- 
hutyl ether, C 19 H 27 0 . C 4 H„. With permanganate turmerol gave tere¬ 
phthalic acid, turmeric acid, C u H h 0 2 , and apoturmeric acid, CioHj 2 0 4 
or CioH m 0 4 . According to Riipe (Bcr., 1907, 40, 4909), when tur¬ 
meric oil is boiled with dilute sodium hydroxide solution a substance, 
boiling-point 156712 mm., apparently not identical with Jackson and 
Menke’s turmerol, is produced. Stronger alkali yields an optically 
active ketone, C 13 H I8 0 , curcumone, boiling-point 119—12078 mm., 
which gives a semicarbazonc, melting-point U9'5—120-5°, an oxime, 
boiling-point 159711 mm., and condensation products with aromatic 
aldehydes. With permanganate the ketone gives p-methylacetopkc- 
none and terephthalic acid, and with alkaline hypobromite the acids 
C u H m 0 8 , melting-point 150°, and C 12 H w 0 2 , melting-point 33—34°. 
By the further action of permanganate the latter yields a dicarboxylic 
acid,C 12 II u O.|, melting-point 228°. Riipe, Luksch, and Steinbach 
(Ber., 1909, 42, 1515) were unable to isolate from turmeric oil the 
turmerol of Jackson and Menke, having sp. gr. 0-9388 at 20° and 
[a]* - 27-46. By digestion with alcohol and 30 per cent, potas¬ 
sium hydroxide solution the ketone C 13 H 18 0 , curcumone, was obtained, 
which has boiling-point 121710 mm.,sp. gr. 0-9566 at 20°, n„ 1-50526, 
[«]„ 80-55, an d yields the p-hromophenylhydrazone, melting-point 71°. 
It condenses with benzaldehyde to form the compound 


C 1 ,H lt O:CH.C,H s . 
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melting-point 106°, and with piperonal and anisic aldehyde similar 
compounds melting respectively at 86° and 77—78° are produced. 

The acid Ci 2 Hi 8 0 2 (loc. cit.), melting-point 33—34°, is called 
curcumic acid, and appears to be identical with Jackson and Menke’s 
turmeric acid (Riipe and Sieinbach, Her., 1910, 43, 3465). By 
oxidation with permanganate it gives terephthalic acid, /-tolymethyl- 
ketone, and the acid C l2 H 14 0 4 , melting-point 226—228° (loc. cit), 
and this possibly consists of apoturmeric acid (Jackson and Menke). 
Although it was considered that curcumic acid might be y-/-tolyl- 
valeric acid, the synthesis of this latter compound showed that the 
two substances are similar but not identical (ibid., 1911, 44, 584). 
Again, curcumic acid is not /-tolyl-a-methylbutyric acid (Riipe and 
Biirgin, ibid., 1218). Rape and Steinbach (loc. cit.) consider that 
eurcumone is to be regarded as a benzene derivative containing two 
parasubstituents, one being methyl, and the second, one or other of 
the groups CHMe. CH». CH-COMe, 

. CHMe . CHMe . COMe, or . CMeEt. COMe, 
whereas in curcumic acid the group COMe is replaced by COOH. 
See also Schimmel & Co. (Ber., April, 1911). 
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DIPHENYL D1METHYL0LID GROUP. 


Introduction—Ellagic Acid—Fiavellagic Acid—Coetuleoellagic Acid—Flavo- 
gallol—Resoflavine—Catellagic Acid—Metellagic Acid. 

Diphenyl-dimethylolid— 

o-co- 


L-CO-O- 

the dilactone of dihydroxy-diphenyl dicarboxylic acid, is the mother 
substance of a small series of colouring matters, of which but one 
natural representative, ellagic acid, is as yet known to exist. The 
methylolid grouping —CO— 0 —'present in the compounds has a 
feebler chromophoric character than the carbonyl itself, and on this 
account the dyeing properties of the members of this class are 
inferior as regards strength to those of the benzophenone, flavone, 
and allied dyestuffs. That the diphenyl linkage here exerts an 
influence is certain, for gallotannin containing as it does digalloyl 
nuclei— 

(OH) 8 C»H 3 —CO— 0 —C«H a (OH) 2 —CO— 0 — 
dyes only with iron and titanium mordants, and again such an effect 
is clearly seen by a comparison of benzophenone and fluorenone— 

-Co¬ 


lor whereas the former is colourless, the latter possesses a strong 
yellow tint. 

Though diphenyl-dimethylolid is at present unknown, diphenyl 
methylolid— 

- 0 —CO— 


needles, melting at 92'5, has been prepared by various methods, and 
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of these that of Richter (J. pr. Chem., [a]; a8, 294), who obtained it 
by the action of phosphorus oxychloride on ethyl salicylate— 

fV H 

\i-CO, OEt 

is the simplest. 

Colouring matters derived from diphenylmethylolid itself do not 
appear to exist in nature, though certain of them can be readily 
prepared by the action of alkali on dimethylolid compounds, in which 
case hydrolysis followed by the elimination of a carboxyl group 
occurs— 



By a more drastic action of the alkali, hydroxydiphenyl derivatives 
are produced— 


OH COOH OH 



Interesting is the fact pointed out by Graebe [loc. cit.) that by dis¬ 
tillation with zinc-dust diphenylmethylolid yields fluorene— 



in addition to diphenyl and methyldiphenyl. Formerly the pro¬ 
duction of the first-named hydrocarbon from ellagic acid proved a 
stumbling-block in the attempts to obtain a clear conception of its 
constitution. 


Ellagic Acid. 

Ellagic acid, C u H t O a , is obtained from numerous tannin matters 
which contain an ellagitannin by boiling the aqueous extract with 
dilute sulphuric acid. In many cases it is found in the free state, 
due probably to the hydrolysis, by fermentation, of the ellagitannin. 
or ellagic acid glucoside originally present, and such a fermentation 
frequently occurs when aqueous extracts of the tannin matters are 
allowed to stand for some time. 

Divi-divi (Caesalpinia coriaria, Willd.), (Lowe, Zeitsch. anal. 
Chem., 1876, 14, 40), myrobalans (Terminalia chtbula, Rats.), 
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(Ldwe, ibid), algarobilla (Caesalpinia brevifolia), (Zfjlffel, Beilstein, 
2, 1085), and valonia (Quercus aegilops, Linn.) yield considerable 
quantities of ellagic acid, and are the best natural sources of this 
material. It has also been isolated from oak galls (Chevreul, Ann. 
Chim. Phys., 1828, (2), 9, 329); oak bark (Etti, Monatsh,, 1880, 
1, 226); the bark of Picea excelsa (Link.), (Strohmer, ibid., 1881, 2, 
539); pomegranate rind (Rembold, Annalen, 1867, 143, 288); Que¬ 
bracho Colorado (Perkin and Gunnel, Chem. Soc. Trans., 1896, 69, 
t3°7); Arctostaphylos uva-ursi (Spreng.) and Coriaria myrEfolia 
(Linn.), (Perkin, ibid., 1900, 77, 424); Hacmatoxylon campeachianum 
(Linn.), (Perkin, ibid., 1897, 7r, 1137); the fruit of Caesalpinia 
digyna (Rottl.), (Nierenstein, Chem. Zeit., 1909, 87); and the bark 
of Terminalia catappa (Linn.), (ibid.). In fact, ellagic add probably 
always occurs, if only in minute quantity, in all plant products which 
contain gallotannin. Most interesting are the Oriental bczoar stones, 
concretions which are found in the stomachs of goats and other 
animals, and consist largely of ellagic acid. These originate, with¬ 
out doubt, from the fact that the animal has fed upon plants in 
which some quantity of an ellagitannin is present. 

Ellagic acid was first discovered by Chevreul (Ann, Chim. Phys., 
loe. cit.) in oak galls, and more closely examined by Braconnot 
(ibid., 9, 187). According to Pelouze, it possessed the composition 
CtH 4 0 « (ibid., 54, 356); whereas Merklein and Wohler (Ann. Chem. 
Pharm., 55, 129), who isolated it from bezoar stones and termed it 
“ bezoaric acid,” showed that its true formula is CutljOg. 

The precipitate of crude ellagic acid, which is produced by boil¬ 
ing the tannin extract with dilute mineral acid, is purified by washing 
with alcohol and subsequent recrystallisation. A similar procedure is 
also satisfactory with the deposits so frequently produced by fer¬ 
mentation and alluded to above. Ellagic acid is most readily 
crystallised from pyridine (Perkin and Nierenstein, Chem. Soc. 
Trans., 87, 1416), and the product, which contains pyridine of 
crystallisation, is washed with alcohol. 

LiSwe ( 7 -eitsch. Chem., 1868, 4, 653) was the first to prepare 
ellagic acid synthetically by oxidising gallic acid with arsenic acid, 
and this was subsequently accomplished by Ernst and Zwenger 
(Annalen, 1871, 159, 32) by heating ethyl gallate with sodium car¬ 
bonate solution in the presence of air, and by Griessmayer (ibid., 
1871, r6o, 55) by heating gallic acid with water and iodine. It is 
readily produced by oxidising gallic acid dissolved in acetic acid by 
means of potassium persulphate and sulphuric acid (Perkin and 
Nierenstein, loc. cit.), and together with flavellagic acid by the addi- 
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tion of potassium persulphate to a solution of gallic acid in sulphuric 
acid (Perkin, ibid., 1906, 89, *51). Under similar conditions, gallo- 
tannin produces ellagic acid (Nierenstein, Ber., 1908, 41, 3015 ; and 
1909, 43, 353), and it can also be prepared by boiling the tannin 
with hydrogen peroxide solution (ibid., 1907, 40, 917). Herzig and 
Bronneck obtained good results by passing air through an ammonia- 
cal solution of gallic acid, and also of gallotannin (Montash., 1908, 
29); whereas Sisley (Bull. Soc. chim., 1909, [4], 5, 727) prepared 
ellagic acid from tannin by means of alcoholic potassium hydroxide 
solution. According to Rupe, a 60 per cent, yield is produced 
when gallic acid in sulphuric acid solution is oxidised with sodium 
nitrite (Chemie d. naturl. Farbstofle, 1909, 2, 162). 

Ellagic acid crystallised from pyridine forms prismatic needles, 
which are converted by alcohol into a pale yellow crystalline powder; 
but when purified by means of its acetyl derivative, the product is 
almost colourless (Perkin and Nierenstein). It is very sparingly 
soluble in all the usual solvents, dissolves in alkaline solutions with 
a pale yellow colour, and from these liquids, when diluted with hot 
alcohol, is deposited on acidifying in a crystalline condition. When 
heated it docs not melt below 360''; and sublimes at higher tem¬ 
peratures with considerable carbonisation. With nitric acid con¬ 
taining nitrous acid and subsequent dilution, it gives a blood-red 
coloration (Griessmayer’s reaction), and this reaction, considered to 
be characteristic, is known to be also possessed by llavellagic acid 
(Perkin). 

According to Merklein and Wohler (lor. a'/.), the alkaline solu¬ 
tion of ellagic acid becomes reddish-yellow on exposure to air, and 
deposits black crystals of potassium glaucomelanate, K 2 C 12 H u 0 7 . 
When boiled with phenylhydrazine in alcoholic solution, or when 
carefully heated with phenylhydrazine, ellagic acid forms the product 
CjH 5 NH . NH 2 , C 14 H f , 0 8 , which crystallises in yellow needles, and 
is readily reconverted into ellagic acid. Ellagic acid gives similar 
compounds with aniline and quinoline (Goldschmiedt, Monatsh., 
1905, 26, it 3 9). 

Tetraacetylellagic acid, C 14 H 2 0 e (C 2 H- 0 ) 4 , (Barth and Gold¬ 
schmiedt, Ber., 1878, n, 846; Schiflf, ibid., 1879, 12, 1534; Zdlffel, 
Arch. Pharm., 229,123), colourless needles, melting-point 343—346” 
(Perkin and Nierenstein); tetrabenzoylellagic acid, Ci 4 H 2 0 8 (C7H i 0) 4 , 
colourless needles (Goldschmiedt and Jahoda, Monatsh., 1892, 13, 
151), melting-point 332—333“ (Perkin); ellagic acid monomethyl 
ether , C 14 H 5 0 7 ( 0 CH 3 ), yellow crystalline powder (Goldschmiedt, 
Monatsh., 1905, 26, 1139); iiacetyUllagic acid monomethyl ether, 

26 
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Ci*H a 0 7 (0CHj)(CjHj0) s , crystalline powder (Goldschmiedt); ellagic 
acid dimethyl ether, C u H 4 0 # (0CHi) a , crystalline powder (Gold¬ 
schmiedt); and ellagic acid tetramethyl ether, Ci 4 H 8 0 4 ( 0 CHj) 4 , 
colourless microscopic needles (Goldschmiedt; Herzig and Poliak, 
Monatsh., 1908, 29, 263), have been described, 

Ellagic acid gives the following salts: KC^HjOj, minute yellow 
needles (Perkin and Wilson, Chem. Soc. Trans., 1903, 83, 134); 
K 3 Ci 4 H 4 0 8 , prisms (Merklein and Wohler; Perkin and Wilson); 
K s Ci 4 H 4 0 8 , KOH, microscopic prisms (Merklein and Wohler); 
Na a Ci 4 H 4 0 8 , crystalline powder; NaC 14 H s 0 8 , H s O, yellow needles 
(Ernst and Zwenger, Annalen, 1871, 159, 32). 

The tinctorial properties of ellagic acid are somewhat feeble, but 
in 1887 it was placed on the market by Messrs. Meister, Lucius, & 
Brining, under the name of “ Alizarin Yellow in paste," and was 
recommended as yielding, with chromium mordants, greenish-yellow 
shades of considerable permanence. 

Rembold (Annalen, 1867, 143, 288) states that when ellagic 
acid is treated with sodium amalgam, it gives y-hexahydroxydiphenyl, 
C 1S H 4 ( 0 H)„ three distinct rufohydroellagic acids, C ]4 H I( , 0 „ C J4 H ]0 Oj, 
ChHjoOj, and glaucohydroellagic acid ; but, according to Nierenstein 
(Ber., 1908, 41, 1649), this latter compound is in reality tbepentahy- 
droxydiphenylmethylolid referred to later. By the action of boiling 
potassium hydroxide solution (Barth and Goldschmiedt, Ber., 1879, 
1 2,1242), ellagic acid gives hcxahydroxydiphenylenekctonc (?) CijHjOr, 
by fusion with potassium hydroxide fi-hexahydroxydiphenyl, and by 
fusion with sodium hydroxide y-hexahydroxydiphenyl, together with 
some of the ^ 3 -compound. 

When ellagic acid is distilled with zinc-dust fluorene is produced 
(Rembold, Ber., 8, 1494; Barth and Goldschmiedt, ibid., u, 846; 
cf. also Graebe, ibid., 1903, 36, 212). 

As a result of their investigation, Barth and Goldschmiedt (ibid., 
1879, 12, 153) suggested that ellagic acid could be represented by 
one of the two following formulas:— 


(0 


H 

/V(OH) 3 

co( I 

x c„. (OH); 

r>o 

CO 


(*) 


H 

C,.(OH) s 
CO( 1 >0 
X C,.(OH) 1 

i 

COOH 


and of these the first was preferable. 
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Whereas such a constitution requires the presence of five 
hydroxyl groups, Schiff (Ber., 1879, 12, 1534) considered that 
acetylellagic acid was C 11 H ! (C 2 H S 0 ) 1 08 ) and this was subsequently 
corroborated by Zblffel (Arch. Pharm., 229, 123). Schiff, at the 
same time, proposed two formula; for ellagic acid:— 

/0\ CO\ 

or C„H(OH)., O-j X C # H(OH) a 

(0 I (*) , ! 

CO.- .CV t (OH)., CO - - ''C b H(OH) 2 

X 0 X 

the latter of which is identical with that preferred by Graebe ( loc. 
cit.). In a later investigation, Goidschmiedt and Jahoda (Monatsh., 
13, 49), as the result of their preparation of tetrabenzoylellagic 
acid, were satisfied of the existence in ellagic acid of but four 
hydroxyls, and consequently adopted their second formula. 

Graebe (Ber., 1903, 36, 214), among other criticisms, pointed 
out that a substance having this constitution, and which may be 
more clearly written as follows (1):— 



would yield, on distillation with zinc-dust, not fluorene, but an iso¬ 
meric hydrocarbon (2), if this, indeed, were capable of existence. 
In the same paper this author announced the interesting fact that 
diphenylmethylolid— 



on distillation with zinc-dust, gives not only diphenyl and methyl- 
diphenyl, but also fluorene; and in a theoretical discussion of the 
subject, suggested that Schiff’s second formula (given above) most 
probably represents the true constitution of this substance. 

The subject was reinvestigated somewhat later by Perkin and 
Nierenstein (loc. cit.), who, on digesting ellagic acid with boiling 
potassium hydroxide solution, obtained Barth and Goldschmiedt’s 
so-called hexabydroxydiphenyleneketone, C i3 H 8 0 r. From this 
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substance a pentaacetyl derivative, C 13 H 3 0 ,(C 2 H 3 0 ) s , prismatic 
needles, melting-point 224—226', and a pentabenzoyl derivative, 
C]jH 3 Or(CjH s O) 5 , plates, melting-point 257—259", were prepared. 
As, moreover, zinc-dust distillation gave fluorene, there could be 
little doubt that this compound was in reality pentahydroxydiphenyl- 
methylolid , as, indeed, was surmised by Graebe— 



OH 


From their results, together with a study of other similar compounds, 
Perkin and Niercnstein considered that SchifF’s formula, also 
advocated by Graebe, and which can be more clearly written thus— 


HOr 

ho' 


-o-co 

'CO~Ol x/ iOH 

on 


is a correct representation of the constitution of ellagic acid. 

Finally, Herzig and Poliak (Monatsh., 1908, 29, 263), by a study 
of the methylation products of ellagic acid, obtained results further 
corroborating this constitution. 

When Goldschmiedt’s tetiamethylellagic acid is digested with 
alcoholic potash and methyl iodide diphenyl -1 : 2 : 3 : 6 : 7 : 8 -hexa- 
methoxy-s ,: 10 -dicarhoxylic methyl ester (melting-point 109—111°)— 


(1) 


A 


COOCH, 


CH 3 0 ^ 0 CH 3 COOCH^ 4 
OCH, 



is obtained, together with a small quantity of diphenylmelhylolid- 
2:3:6:71 &-pe>ttamcthoxy-$-car/ioxylic acid methyl ester (2), 
melting-point 187—189“— 


(v) 


- co - 


-0- 


a CH s 

CH, 

OCH, 
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By means of alcoholic potash, these compounds (i) and (a) 
yield respectively diphenyl-1 : 2 : 3 : 6 : 7 : %-hexamethoxy-i : to- 
dicarboxylic acid (3), melting-point 238—240”, and diphenyl- 
2:3:6:;: %-pentamethoxy-i-hydroxys : 1 o-diuirboxylic acid (4), 
melting-point 200—203°— 


( 3 ) 


CH a o(j' 


COOH 


OCH a COOH 
OCH 3 


OCHj 



COOH 


(4) CI^^OCM, 
OCH, 


OH 

- ' ' OCH, 

COOH. OCH., 


Ellagic acid is probably not a tanning material in the true sense 
of the term, but is of considerable importance nevertheless in the 
tanning process. Thus the eliugilannic acid absorbed by the hide is 
at least in part converted into ellagic acid, and the deposit thus 
formed adds weight and bloom to the finished article. 

Other members of this group have been prepared from m- 
hydroxybenzoic acid, /-hydroxybenzoic acid, proto-calechuic acid, 
sym. dihydroxybenzoic acid, gallic acid, and from ellagic acid itself. 
An account of these is given below. 


Fj.avej.lac.ic Acn>. 

Flavellagic acid, C],H f O 0 , is obtained in conjunction with ellagic 
acid when gallic acid is oxidised with potassium persulphate and 
strong sulphuric acid. By the employment of a dilute acid, flav¬ 
ellagic acid almost free from ellagic acid can be produced, and for 
this purpose the following process is recommended (A. G. Perkin, 
Chem. Soc. Trans., 1906, 89, 251): 20 grams of gallic acid are 
treated with 160 c.c. of 96 per cent, sulphuric acid, 66 c.c. of water 
added, and the hot solution thus obtained is cooled to 50°, and 
maintained at this temperature during the gradual addition of 40 
grams of potassium persulphate. A. G. Perkin and F. M. Perkin 
(Chem. Soc. Trans., 1908, 93, 1194) have obtained the same com¬ 
pound by the electrolytic oxidation of gallic acid in the presence of 
sulphuric acid, and more recently Bleuler and Perkin (ibid., 1916, 
109, 530) have prepared it by heating gallic acid at 110—120° with 
arsenic and sulphuric acids. 
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Flavellagic add crystallises from pyridine in small yellow pris¬ 
matic needles which contain pyridine, and do not melt below 360°. 
With nitric acid containing nitrous acid and subsequent dilution, it 
gives the blood-red coloration (Griessmayer reaction), which is also 
produced by ellagic acid. Dilute alkalis dissolve it with a yellowish- 
green coloration, and by distillation with zinc-dust fltiortne is pro¬ 
duced, ActtylflaveUagu acid , C u H 0 8 (C 8 H 8 0 )ii, colourless needles, 
melts at 317—319’, and bensoylflavellagic acid , CnHOjfCjHjOJs, 
prismatic needles, melts at 287—289°. Flavellagic acid dyes mor¬ 
danted woollen cloth shades somewhat resembling but stronger than 
those produced by ellagic acid. 

Chromium. Aluminium. Tin. Iron. 

Yellowish- Pale greenish- Pale Dark olive- 
olive. yellow. yellow. brown. 

By the action of boiling 50 per cent, potassium hydroxide solu¬ 
tion, flavellagic acid gives hcxahydroxydipheny/methylo/id — 



OH 


colourless needles (melting-point above 300°). This compound 
dissolves in solutions of the alkali hydroxides with an orange-yellow 
tint, and this, on dilution with water and exposure to air, de¬ 
velops a strong bluish-violet coloration. The acetyl derivative, 
CijH a 0 # (C 2 H 3 0 ) 5 , colourless prismatic needles, melts at 232—234°. 
Flavellagic acid is hydroxyellagie acid, and possesses the following 
constitution:— 



(cf. Herzig and Tscherne, Monatsh., 1908, 29, 281). 

Flavellagic acid gives with diazomethane the methyl ether 
C H HO<(OMe) 5 , melting-point 243°; and this is converted by methyl 
iodide and potassium hydroxide into methyl -3 :4 : 5 :6 : 2': 3': 4'- 
heptamethoxydiphenyl -2:6'- dicarhoxylatc CuH(OMe)j(CO,Me),, 
melting-point 83—87“. The latter, on hydrolysis with potassium 
hydroxide, yields the acid C ls H(OMe) 7 (CO,H)j, melting-point 163— 
167°, in the anhydrous condition. From water it crystallises with 
406 




DIPHENYL DIMMTHYLOLID GROUP 

iH ,0 and then melts at 95—too" (decomp,), (M. von Bronneck, 
Monatsh., 1908,-29, 281). 

When gallic acid 3: 4-dimethylether, or gallic acid trimethylether 
is oxidised by means of potassium persulphate and sulphuric acid at 
45“ (Herzig and Schmidinger, Monatsh., 1910, 31, flavellagic 
add lelramethvlether— 

_0-CO 

CHjOfN..f | 0H 

CH 3 ol J-CO-O-l v/ Joch s 

v och 3 

yellow needles, melting-point 270—271°, is produced, the acetyl 
derivative of which melts at 270—271°. By means of methyl sul¬ 
phate and potassium hydroxide, the heptamethoxy compound 
(described above) is obtained. 

CoKRUI.KOKU.AGIC ACII>. 

Coeruleoellagic acid is prepared by heating ellagic or flavellagic 
acids (1 part) with sulphuric acid (monohydrate 10 parts) to 200° and 
allowing the temperature to fall to 185—190" and remain there for 
thirty minutes. The product isolated by pouring into water is 
purified by conversion into its acetyl derivative, and this is sub- 
quently hydrolysed hv means of sulphuric acid in the presence of 
acetic acid. It may also be obtained by the oxidation of ellagic 
or flavellagic adds (1 part) in sulphuric acid solution (10 parts) with 
arsenic acid (t part) at too—130° (Perkin, Client. Soc. Trans., 1916, 
109, 529). 

Coeruleoellagic acid, C h H # Oi»i separates from hot pyridine in 
small pale yellow prismatic needles which melt above 360° and are 
very sparingly soluble in the usual solvents. Concentrated solutions 
of the alkali hydroxides dissolve it with a greenish-yellow colour, 
which on dilution become green and finally of a blue colour, and 
these changes appear to arise from oxidation. Sodium and potassium 
carbonate solutions also give blue liquids. On distillation with zinc- 
dust fluorene is produced. 

AcetylcocruleocUagic acid , C u 0 1(J (C 2 Hj 0 )«, colourless needles, 
melting-point 330—332°, and benzoylcoeruleoellagic acid, 
ChO^CjHjO),, 

melting-point 343—345°, have been prepared. The latter is more 
sparingly soluble in benzoic anhydride than the corresponding de¬ 
rivative of flavellagic acid, and this property provides a means for the 
separation of the two substances. 
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By digestion with 50 per cent, potassium hydroxide solution 
diluted with its own volume of alcohol, coeruleoellagic acid gives 
a compound C 12 H w 0 8 , evidently octohydroxydiphenyl. This consists 
of an almost colourless crystalline powder, soluble in dilute potassium 
hydroxide solution, with a reddish-violet coloration which becomes 
brown on exposure to air. The acetyl derivative, C I2 H 2 0 g (C 2 H 8 0 ) 8 , 
forms colourless needles melting at 177—178°. 

The constitution assigned to coeruleoellagic acid is as follows:— 



a formula which represents it as either a dihydroxy-ellagic or hydroxy 
flavellagic acid. 

Coeruleoellagic acid possesses well-marked dyeing properties of 
a similar character, though more strongly developed than those of 
ellagic and flavellagic acids, and may have practical utility. Owing 
to its sparing solubility it gives the best results in the paste form. 
The following results are obtained by the employment of mordanted 
woollen cloth:— 


Chromium. Aluminium. Tin. Iron. 

Deep olive-yellow. Greenish-yellow. Dull yellow. Greenish-black. 

In the case of the aluminium mordant the employment of chalk 
in the dye-bath exerts a detrimental effect. 


Flavogali.0!.. 

When gallic acid in sulphuric acid solution is treated with 
arsenic acid and the mixture heated at no—120° for six hours, a 
mixture containing flavellagic and coeruleoellagic acids is mainly 
produced, though when the oxidation is carried out in the presence 
of 80 per cent, sulphuric acid flavogallol, C 21 H 8 0 12 , is obtained. 
This consists of hair-like yellow needles, sparingly soluble in the 
usual solvents, soluble in sodium hydroxide solution with an orange- 
yellow colour. With sulphuric acid it yields the anhydrosulphatc 
C s1 H,Oij . H a SO„ orange-yellow prisms, whereas the tripotassium 
salt, C j1 H 5 0 11 K 3 , prepared with alcoholic potassium acetate forms 
an orange-coloured crystalline powder. 

Acttylfiavogallol, CnH/J^CjHjO),;, small prismatic needles, 
melts and decomposes at 278—280°, and the corresponding benzoyl 
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compound, C 8 iHj 0 u{CtH 5 0 )„ yellow prisms, at 316—338”. With 
boiling aniline flavogallol yields the anilide C^HjOii . NH. C S H S , 
which crystallises in yellow needles, melting above 345°. In the 
paste form flavogallol readily dyes mordanted fabrics, and employing 
woollen cloth the following shades are produced:— 

Chromium. Copper. Tin. Iron. 

Dull olive- Pale Pale orange- Brownish- 
yellow. ' brown. yellow. black. 


When acetyl flavogallol is hydrolysed by the acetic ether method, 
ethyl flavogallonate , C 23 H u 0 13 , pale yellow needles, is produced, and 
in a similar manner by the employment of methyl alcohol in this 
process methyl flavogallonate , C 23 H 12 O l3 , is obtained. By gentle 
treatment with strong potassium hydroxide solution flavogallol gives 
flavogallonic add , C 2l H lu O u , needles, which melt above 300°, and 
this when acetylated is reconverted into acetyl flavogallol. 

The more energetic action of potassium hydioxide solution gives 
flavogallone, C 21) H 10 On, minute needles, and this yields the acetyl 
compound C H H M Oi to leaflets, melting-point 257—259”. 

When flavogallol is methylated with alkali and methyl sulphate 
and the product is digested with 5 per cent, potassium hydroxide, 
two apparently isomeric acids, C^HiO^OMe),,,, (a) colourless prisms, 
melting-point 206—-208° and (/') melting-point 238—240°, are ob¬ 
tained, and these both appear to be produced by the addition of 
three molecules of water to flavogallol and a subsequent methylation 
of ten hydroxyl groups. These are dicarboxylic acids, and when 
esterified give the dimethyl ethers of the formula 
C 2 iiH 32 0 u (C 0 2 Me) 2 , 

{a) melting at 128—130°, and (/») at 86—87". 

The acid, melting-point 206—208", when digested with alcoholic 
potash at 175° loses one methoxy group with formation of anew 
acid, C2 8 H 30 O u (CO 2 H) 2 , which crystallises in glistening leaflets, 
melting-point 183—184”. These reactions suggest the presence in 
flavogallol of an ellagic acid nucleus, and as a result Bleuler and 
Perkin (Chem. Soc. Trans., 1916, 109, 543) have tentatively 
suggested the formula— 


OH 


HOj 

HO 1 


-CO— 0 - 


-o-co- 


co 


OH 

A 0H 

/V 0H 
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for this colouring matter. In case this should prove correct flavo- 
gallonic acid (i), flavogallone (2), and the dicarboxylic acid obtained 
by methylation, melting-point 206—208° (3), will possess the 
following constitutions 


w 




(3) 



Resoflavine. 

This yellow dyestuff, Ci 4 H s 0 7 , obtained by the action of potas¬ 
sium persulphate and sulphuric acid on 3 :5 dihydroxybenzoic acid 
was first examined by Herzig and Tscherne (Monatsh., 1904, 25, 
603). This yields the acetyl derivative C 1< H30 7 (C 2 H J 0) 3 , and 
when methylated by means of diazomethane the yellow trimethyl 
ether C 14 H 3 Oj(OMe),, melting-point 286—288°. 

When heated with methylic iodide and alcoholic potassium 
hydroxide, resofiavine tri methyl ether is converted into the ester 

COOMe. C u H,(OMe) 5 . COOMe, 

melting-point 132—134° (Annalen, 1907, 351, 24); this on hydro¬ 
lysis gives first the ether acid, melting-point 197—199°, 

COOH . C 12 H 3 (OMe) 5 . COOMe, 
and subsequently the dicarboxylic acid 

COOH . C u H,(OMe),. COOH, 
which melts at 247—249°. 

By fusion with alkali (Herzig and Epstein, ibid., 661) resofiavine 
gives 3-5 dihydroxybenzoic acid, whereas on distillation with zinc- 
dust fluorene is produced. Resofiavine (Herzig and Tscherne, ibid., 
1908, 29, 381) is evidently a trihydroxydiphenyldimethylolid— 
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OH 


closely related to ellagic acid, which is in fact to be regarded as its 
monohydroxy derivative. 

Catellagic Acid. 

Schiff (Ber., 12, 2590) on heating protocatechuic acid with 
arsenic acid, obtained a substance which he named catellagic acid, 
and to this he assigned the formula C u H 10 O ; or C 14 H 8 0 7 . Perkin 
and Nierenstein (Chem. Soc. Trans., 1905, 87, 1417} obtained 
a similar substance by the oxidation of protocatechuic acid, 
and also parahydroxybenzoic acid with potassium persulphate and 
sulphuric acid. According to the latter authors, catellagic acid, 
C^HjOj, crystallises from pyridine in colourless needles, which melt 
above 360°, and sublime with but moderate carbonisation at higher 
temperatures. Solutions of the alkali hydroxides dissolve it with a 
pale yellow colour, and with nitric acid it gives a magenta coloured 
liquid. Diacctylcatcllagic acid, colourless prismatic needles, melts at 
322—324". 

Catellagic acid, by distillation with zinc-dust, gives fluorine, and 
is closely related to ellagic acid. Its constitution (Perkin and 
Nierenstein) may be expressed as follows :— 



OH 


From the oxidation products of parahydroxybenzoic acid, Perkin 
and Nierenstein isolated, in addition to catellagic acid, a second 
compound C 14 H„ 0 4 , colourless needles, melting-point above 360°. 
This, which gives the diacetyl derivative CnH 4 0 6 (C 2 Hj 0 ) a , colour¬ 
less needles, melting-point 267—268°, and by distillation with zinc- 
dust fluorene, possesses the formula— 
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and evidently originates from the interaction of one molecule of 
protocatechuic acid and one of parahydroxybenzoic acid. 

Metellagic Acid. 

Metellagic acid (Perkin and Nierenstein, Chcm. Soc. Trans., 
1905, 87, 1425) is obtained in small amount together with other 
substances by oxidising metahydroxybenzoic acid in sulphuric acid 
solution with potassium persulphate at about 30". The product is 
fractionally crystallised from acetic acid, the second crop acetylated, 
the acetyl derivative thus obtained purified by repeated crystallisation 
from acetic anhydride and hydrolysed with sulphuric aci'd in the 
usual manner. ■- 

Metellagic acid , C u H f , 0 ( „ crystallises from* acetic acid in colourless 
needles which readily sublime at high temperatures. With caustic 
alkaline solutions it behaves similarly to catellagic acid giving 
a yellow colour which is discharged on heating. Distilled with 
zinc-dust a small quantity of a crystalline hydrocarbon is produced 
which appears to be identical with fluorene. Acetylmetellagic acid , 
C m H 5 0 6 (C2H 8 0), crystallises in colourless leaflets, melting-point 269 
— 271 0 . 

The reactions of metellagic acid are in harmony with those re¬ 
quired by a member of the ellagic acid series, and the following 
formula assigned to it is probably correct:— 



OH 


In the mother liquors obtained during the purification of acetyl 
metellagic acid, a second acetyl compound, melting-point 237—243°, 
was isolated. This on hydrolysis gave a substance crystallising in 
glistening yellow needles, the nature of which has not been as¬ 
certained. 

By the oxidation of suitable hydroxybenzoic acids, a series of 
hydroxydiphenyldimethylohd derivatives have thus been prepared, 
viz.:— 

Metellagic acid, C 15 H 5 0 4 ( 0 H) Ellagic acid, C 14 H 2 0 4 ( 0 H) 4 
Catellagic acid, Ci 6 H 4 0 4 ( 0 H).j Flavellagie acid, Ci 4 H 0 4 ( 0 H) 5 

Resoflavine, C 14 H 3 0 4 ( 0 H)j Coeruleoellagic acid, C u 0 4 ( 0 H), 



CHAPTER XIII. 

THE TANNINS. 

Gall-nuts—Chestnut Extract—Sumach— Myrobatans—Valonia—Divi-divi— 
Atgarobitla— Quebracho Colorado. 

Tannins. 

Tannins (AciJes lannii/ues, Fr.; Gerbstofft , Ger.).— This term 
has been applied to a large class of substances which have been 
found in many plants and are distinguished by the following char¬ 
acters : they have an astringent taste; give a blue-black or green 
coloration with ferric salts ; are precipitated by a solution of gelatin, 
by albumen and by alkaloids ; unite with hide to form leather. 

It was formerly believed that only one tannin existed, and it was 
assumed that the difference in properties of tannin from different 
sources was due to the presence of foreign matter. It is, however, 
now well known that tannin from different sources frequently varies 
both in composition and in properties, and although it is probable, 
owing to the difficulty of obtaining these compounds in an even 
approximately pure condition, that the number of distinct individuals 
may not be so great as is usually supposed, there can be no doubt 
that at least three important classes of tannins exist in nature. The 
earliest suggestion was to divide the tannins into two classes—the 
iron-blueing tannins and the iron-greening tannins—according to 
their behaviour towards salts of iron, and it was considered that 
whereas the former were pyrogallol compounds, that the latter were 
derived from catechol. This differentiation appears in the main to 
be correct, and the employment of ferric chloride for this purpose, or 
better, iron alum as a preliminary step, is of general application; but 
on the other hand, it is to be borne in mind that the presence of 
acid, alkali, or organic impurity has considerable effect upon the 
colour production. Thus, although the method is no doubt of 
service in many cases even with the plant infusion, its exact signi¬ 
ficance can only be ascertained from the coloration given by the 
purified tannin itself. 
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Stenhouse (Proc. Roy. Soc., n, 405) believed that those tannins 
which give blue-black precipitates with ferric salts are mostly gluco- 
sides, Wagner (Zeitsch. anal. Chem.) made a distinction between 
pathological and physiological tannins, and considered that the former 
class represented by gallotannic acid only existed in pathological 
formations of certain species of oak and sumach (Rhus javanica, Linn., 
and R. semilata, Murr.), whilst the latter class include all tannins 
which are produced under normal conditions of plant life. As, 
however, gallotannic acid has been found to exist in some plants as 
a physiological tannin, Wagner’s classification is untenable. 

Battinger (Ber., 1884, 17, 1123) has examined the action of 
bromine on aqueous tannin extracts, and determined the percentage 
of bromine contained in the precipitated bromo products. As a 
result, it was shown that certain tannins may be grouped together^ 
according to the amount of bromine which they take up. 


Mangrove tannin.42'i5 

Hemlock bark tannin.43-6 

Quebracho tannin.44-5 

Mimosa tannin.49-36 

Chestnut oak tannin.5048 

Terra japonica tannin.53'2 

Spruce bark tannin.53-8 


A very large amount of attention has been given to the classifica¬ 
tion or identification of aqueous extracts of tanning materials, by the 
coloured and other effects given by certain reagents. It remains to 
be decided whether in all cases these reactions in reality arise from 
the tannin itself. 

The more important methods which may be used to classify the 
tannins into groups according to our present knowledge of these 
substances are as follows:— 

Coloration with ferric chloride or iron alum (see above). 

Digestion tvith boiling dilute sulphuric acid. —In this method of 
procedure, three definite reactions may be observed: (a) the hydrolysis 
of the tannin with formation of gallic acid (gallotannic acid); (h) 
the precipitation of ellagic acid (ellagitannic acid); (c) the gradual 
production of an amorphous red-coloured precipitate known as a 
"phlobaphene ” (catechol or phlobatannin). 

Precipitation with bromine water indicates the presence of a 
so-called catechol or phlobatannin (Procter, “ Leather Industries 
Handbook,” 1898). 
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Pint wood and hydrochloric acid test .—If a deal shaving he 
moistened with a solution of phloroglucinol and then with strong 
hydrochloric acid, a deep red-violet colour due to the formation 
of phloroglucinol vanillein is produced. Resorcinol reacts similarly 
giving a blue-violet (Procter). These colorations are an indication 
of the presence of a phloroglucinol or resorcinol nucleus in the 
tannins. Gallotannin'and ellagitannin solutions do not react in this 
manner. 

Diazobenzene chloride. —Solutions of certain tannins in the pres¬ 
ence of alkali or alkaline acetates give a red-coloured precipitate of 
the azobenzene tannin with this reagent, a fact which indicates with 
some certainty the presence of a phloroglucinol or resorcinol group¬ 
ing. Gallotannin and ellagitannin do not react in this manner. 

Fusion with alkali. —Procter (“ Leather Industries Handbook," 
1898) recommends adding 20 grams of tannin to 150 c.c. of a solu¬ 
tion of potassium hydroxide of specific gravity 1 '20 and concentrat¬ 
ing the liquid during three hours until it becomes pasty. Or 5 to 10 
parts of caustic potash and a few drops of water are heated with one 
part of the tannin to 210—240“ for twenty minutes. Gallotannin, 
by this method, gives gallic acid, and possibly traces of pyrogallol, 
whereas the so-called catechol tannins yield protocatechuic acid or 
other allied acid, alone, or together with phloroglucinol or resor¬ 
cinol, etc. 

Heating with glycerol. —The tannin (1 gram) is heated with 5 c,c. 
of glycerol slowly raising the temperature from 160°, and keeping it 
for half an hour between 200—210°. The product diluted with ao 
c.c. of water is extracted with ether, the extract evaporated and the' 
residue tested for pyrogallol or catechol. According to Trimble 
(“The Tannins"), paraffin wax may be employed in place of gly¬ 
cerol. 

Formaldehyde test. —When an aqueous solution of a so-called 
catechol tannin is treated with formaldehyde and a little hydro¬ 
chloric acid and gently warmed the tannin is completely precipitated. 
Pyrogallol tannins do not yield an entirely insoluble compound in 
this manner. This reaction, discovered by Stiansy (Der Gerber, 
* 9 ° 5 i r^S), has by numerous writers been assigned to Jean and 
Frabot (Ann. Chim. anal., 1907, 12, 49). 

Lead acetate test .—(Stiasny and Wilkinson, Collegium, 1911, 475 
(* be), 318). All natural tannins are completely precipitated by 
lead acetate solution in so far as the' filtrate from the precipitate does 
not give the iron test In the case of catechol or phlobatannins 
this precipitate is dissolved by dilute acetic acid, whereas with the 
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gallotannins the lead compound is insoluble or but partially soluble. 
The test is preferably made by adding io c.c. of acetic acid (io per 
cent.) to 5 c.c. of the tannin solution, and then adding 5 c.c. of lead 
acetate (10 per cent.). No precipitate is thus produced in the case 
of the catechol or phlobatannins. 

By these methods it is easy to divide the tannins into three 
classes, usually distinguished as (1) gallotannins, (2) ellagitannins, 
and (3) catecholtannins. Since the discovery of synthetical tannins 
by Fischer and Freudcnberg (Annalen, 191 r, 384, 225), it is evident 
that this nomenclature, as applied to the first group, is imperfect. 
Thus, whereas the term “ gallotannin " is in reality only applicable to 
compounds containing pyrogallol nuclei and in fact merely relates 
to digallic acid and its derivatives, it is now known that diproto- 
catechuic acid, diresorcylic acid, and digentisic acid, members of the 
same group, possess tanning property. On this account it is con¬ 
sidered more reasonable to distinguish such tannins by the term 
“ depside,” a nomenclature which is due to Fischer and Freuden- 
berg, although it is not suggested that such a group is absent in the 
other tannins. 

Again, as regards the so-called “ ellagitannin ” group (2), new 
tannins belonging to this class may also be either synthesised or 
isolated in the future. The term “ ellagitannin ” is therefore here 
replaced by “diphcnyldimethylolid,” the name by which the group 
mother substance is known. 

Exception is again to be taken to the designation “ catechol ” 
tannin (3) for reasons similar to those given above and which are 
discussed later in this article, and this name is also replaced by 
" phlobatannin," in that these compounds, apparently without ex- 
ception, possess the property of yielding phlobaphepes, In respect 
of this latter group, it is to be noted in connection with the qualita¬ 
tive tests above enumerated that the formation of phlobaphene and 
of precipitates with bromine water and with formaldehyde sufficiently 
indicate the presence of this variety of tannin, because these com¬ 
pounds may not all react with pine wood and hydrochloric acid, or 
diazobenzene chloride, or give protocatechuic acid as one of their 
decompo ition products. 

There appears to be ample evidence also of the existence of 
special varieties of glucoside belonging' to this third class, distin¬ 
guished by their extremely hygroscopic nature and the fact that 
they are insoluble or nearly so in acetic ether. They give, how¬ 
ever, the well-marked reactions of the phlobatannins. None of 
these compounds has yet been obtained in a pure condition, but 
416 



THE TANNINS 

when they are digested with boiling dilute mineral acids a sugar and 
phlobaphene appear to be mainly produced. 

Methods of isolation. —All the well-known tannins are dissolved 
by hot water, and yield precipitates with lead acetate solution, and 
thus by decomposing the well-washed lead precipitate from a plant 
infusion in the moist condition with sulphuretted hydrogen a crude 
solution of the tannin is obtained. This can be concentrated in 
vacuo over caustic potash or sulphuric acid. In the place of lead 
acetate, stannous chloride was employed by Proust in 1798 (Ann. 
Chim. Phys., 25, 225), who is credited with being the first to pre¬ 
pare tannic acid in a nearly pure condition. As, however, the tannin 
Usually exists in the plant side by side with yellow colouring matter, 
either in the free state or as glucoside, and other secondary sub¬ 
stances soluble in water, a fractional precipitation with lead acetate 
is preferably adopted, in which case the middle portion usually yields 
the purest tannin (Grabowski, Sitz. Ber., 1867, 55, ii., 567; Trimble, 
“ The Tannins," 1892, i., 85). A preliminary treatment with lead 
acetate in the presence of a little acetic acid is serviceable in some 
cases for the precipitation of coloured impurities. Probably the 
solvent most extensively employed since t88o in the investigation of 
tannins has been ethyl acetate, in which case it has been usual to 
agitate a solution of the substance or extract of the plant with this 
solvent. A preliminary addition of salt or sodium sulphate to the 
liquid is beneficial. 

Certain tannin glucosides, owing to their sparing solubility in 
ethyl acetate, cannot be satisfactorily isolated in this manner, and 
the method is not applicable to the case of mineral salts of the 
tannin, in which the preliminary production and subsequent decom¬ 
position of the lead salt is to be recommended. Numerous methods 
have been adopted for the purification of the tannin thus prepared, 
and are given under the head of the special substance with which, 
they have been employed. 

In many cases it has been found preferable to extract the tannin 
matter with an organic solvent rather than with water. This is, as 
a rule, to be advised, as the crude substance is thus more readily 
isolated in a concentrated form. Indeed, one of the oldest methods 
of separating tannins from other substances is that of Pelouze (Ann. 
Chim. Phys., 1834, 55, 337), who exhausted powdered gall-nuts with 
commercial ether. Various mixtures of alcohol, ether, and water 
have been recommended, and also dilute alcohol in the case of 
gall-nuts for preparing gallotannic acid, although these methods 
must not be considered of special advantage for the isolation of 
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tannins as a whole. Probably the most efficient solvent for general 
purposes of investigation is acetone which was employed by Trimble 
for the percolation of numerous tannin matters (“The Tannins”). 

I. Depsidb Group. 

Tannin, Tannic acid, Gallotannin, Gallotannic acid is found to 
the largest extent in galls which arise from the puncture of insects 
of the genus Cynips on the leaves and buds of various species of 
oak, more especially the Qucrcus lusitanica (Lam.), and on a species 
of sumach, Rhus semilata (Murr.). Aleppo galls, derived from the 
young shoot of the oak and which are the best variety of oak 
gall on the market, contain 50—60 per cent, of gallotannic acid, 
whereas Chinese galls from sumacli yield as much as 70 per cent. 
In smaller amount it occurs also in numerous plants, and is prob¬ 
ably the main tannin of various sumachs, of valonia, divi-divi, and 
algarobilla. 

The methods employed for the isolation of gallotannic acid from 
galls are more or less modifications of that of Pelouze, which con¬ 
sists in extracting finely powdered galls with commercial ether. The 
extract separates into two layers, the upper consisting of an ethereal 
solution of gallic acid, wax, and resinous substances, whereas the 
lower represents a concentrated solution of gallotannic acid which, 
on evaporation, remains as a porous mass. In place of the ether a 
mixture of 75 per cent, commercial ether and 25 per cent, alcohol 
can be employed. The method of Leconnet (Annalen, 1836, 18, 
179) consists in stirring powdered galls into ether until a thin cream 
results, pressing the mixture and repeating the operation until 
tannin is no longer removed. According to Domine (J. Pharm. 
Chim., 1844, [3], 5, 231), it is advantageous to allow the powdered 
galls before extraction to remain for some time in a moist atmos¬ 
phere, and Pelouze’s process with this modification was adopted by 
the British and United States pharmacopeias. 

For the manufacture on the large scale, Chinese or Japanese 
galls are preferably employed owing to their richness in tannin. 
The finely powdered material is stirred with sufficient water at 
50—60° to form a concentrated aqueous extract, and after filtration 
the clear liquid is agitated with one-fourth of its volume of ether 
until an emulsion results. After standing for several days, the upper, 
ethereal liquid which has separated is removed, and the lower layer, 
which contains all the tannin matter, is run into a still and the ether 
which is present recovered. After cooling the syrupy liquid is 
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spread out on sheets of tin, and heated by means of a steam coil, 
when the gallotannic rapidly puffs up and dries. 

Thus prepared the commercial tannin contains some quantity of 
gallic acid, plant wax, glucose and other impurities; to remove these 
the material may be washed with ether, or the aqueous solution 
shaken with ether, or the aqueous liquid fractionally precipitated 
with common salt, the precipitate dissolved in ethyl acetate, and the 
tannin recovered by evaporation under reduced pressure. Trimble 
(“The Tannins," 85) treats a 5 per cent, solution of the tannin with 
to per cent, lead acetate, drop by drop, until the precipitate, at first 
yellow coloured, ceases ,to be granular and is colourless. This is 
collected, the filtrate agitated two or three times with ethyl acetate 
and the extract evaporated. The colourless product, which still 
contains gallic acid, is redissolved in water, and the solution, after 
agitation with ether, evaporated under reduced pressure. Finally, 
the residue dissolved in ether by the aid of a little water is again 
brought rapidly to dryness under reduced pressure, and thus obtained 
is colourless and gives no reactions for gallic acid or glucose. With 
the object of preparing a homogeneous product, Walden (Ber., 1898, 
30, 3tS4) has employed dialysis, and also the precipitation of a 
solution of the purest commercial tannin in ethyl acetate with 
benzene. Rosenheim and Schidrowitz (Chem. Boc. Trans., 1898, 
73, 88a) point out the extreme difficulty of removing the last traces 
of gallic acid from the tannin and employ a mixture of ether and 
acetone for this purpose. Paniker and Stiasny (Chem. Soc. Trans., 
1911, 99, 1821) state, however, that the process of Rosenheim and 
Schidrowitz only partially removes gallic acid. The method sug¬ 
gested by Perkin, which consists in neutralising a solution of the 
tannin with sodium bicarbonate, extracting the mixture with ethyl 
acetate, and subsequently precipitating the substance from the ex¬ 
tract with benzene, gives a product free from even traces of gallic 
acid (see also Iljin, Ber., ^09, 42, 1731). Fischer and Freuden- 
betg (Ber., 1912, 45, 919) find the addition of dilute sodium hydrox¬ 
ide to the tannin solution until faintly alkaline before extraction 
with ethyl acetate is similarly beneficial. 

• Gallotannic acid as found in commerce consists of an amorphous 
powder possessing a faint yellow colour, although when exhaustively 
purified it is colourless. It is readily soluble in water and alcohol, 
more sparingly in ethyl acetate, insoluble in pure ether, chloroform, or 
benzene. With solutions of ferric salts, gallotannic acid gives a bluish- 
black coloration or precipitate, according to the concentration, whereas 
ferrous salts give with strong solutions only a white precipitate 
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which gradually turns blue in the air. Many metallic salts give 
precipitates with the tannin, those of lead and tin being colourless, 
whereas the copper and silver compounds possess a brown tint. Cold 
alkaline solutions absorb oxygen from the air and darken in colour 
with production of the so-called mitagallic acid. When boiled 
hydrolysis occurs, gallic acid being formed. Gallotannic acid precipi¬ 
tates most alkaloids and gives precipitates with albumen and gelatin, 
the latter, according to Trunkel (Zeitsch. Biochem., 1910, 26, 458), 
in quantitative amount. 

Analyses of gallotannin by Berzelius, Pelouze, Mulder, Bijlert, 
Strecker, Gautier, Trimble, Dekker, and Walden have been in fairly 
close agreement, varying from about C = 51 •$ to C = 5 2'3; H «* 3-7 
to H =■ 4't per cent. Iljin (Ber., 1909, 42, 1735) has suggested 
higher numbers (C *=• 54-13; H «= 3-22), the correctness of which 
he has again emphasised (J. pr. Chem., 1910, [ii.], 82, 422; cf. 
Nierenstein, ibid., 1909, 42, 3552). Mulder (J. pr. Chem., 1849, 
48, 90) was the first to assign to gallotannin the formula ChHjoOo, 
and this was subsequently adopted by Schiff (Ber., 4, 231), and until 
recently generally accepted as correct. Very numerous salts of 
gallotannic acid have been described which are in fair agreement 
with this view, of which ammonium tannate, N H^ChHjOd, potassium 
tannate, KC h H„ 0 (p sodium tannate , NaCuH s O„, and barium tannate, 
Ba(C M H 8 0 # )2 (Buchner, Annalen, 53, 361) may be given as examples. 
For a complete list reference should be made to Beilstein (1896, ii., 
1926). 

Gallotannic acid isolated from plants is said to contain free glucose 
which is difficult to eliminate. Strecker (Annalen, 90, 340) indicated 
the possible existence of a glucoside of the formula QjHajOn, 
although Schiff [ibid., 170), while agreeing that unaltered tannin is 
probably a glucoside of digallic acid, preferred the formula 
Cj,H ;s O..( =* CflHjaOit + aC 14 H 10 O 9 - 2H2O) 

This corresponds to a yield of 23 per cent, of glucose; whereas in 
natural tannin about 2 2 per cent, is said to have been detected. 

When gallotannic acid is heated at from 160—215°, water, carbon 
dioxide, and pyrogatlol are evolved, and a dark coloured non-volatile 
substance known as metagallic acid is produced. According to 
Trimble (loc. cit.) the best yields of pyrogallol are obtained by raising 
the temperature slowly to 215° and then keeping it between 190—a roT 
for half an hour. Digested with boiling dilute mineral acids, gallic 
acid is produced, and Wetherill, who employed for this purpose 
50 grams of tannic acid and 500 c.c. of sulphuric acid (1 vol add 
+ 4 of water), obtained a yield of 87-4 per cent of gallic acid, Knop 
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(Annalen, J70, 44) states he obtained 95 per cent., and Stenhouse 
the theoretical amount, whereas Trimble \loc. cit.) considers that 
when pure gallotannic acid is heated with a 2 per cent, solution 
of absolute hydrochloric acid, gallic acid only is produced. This 
reaction was formerly assumed to be expressed by the following 
equation:— 

C u H w O» + H.,0 = aC : HA 

Boiling alkaline solutions also produce gallic acid, but hot aqueous 
ammonia yields ammonium gallate and ga/iamide as follows :— 

C U H|„ 0 , + 2NH3 = CjHANH, + c-hanh, 

According to Voswinkcl (I).R.P., 1905), on adding formaldehyde 
to an aqueous solution of tannin and carbamide in molecular pro¬ 
portion, a precipitate of methylene tannin carbamide is formed— 

C U H,A + CO(NH t ), + H. CHO 

= C„HA • CHj. NH . CO . NH 4 + HjO 
It is a yellow powder decomposing about 220° and is insoluble in 
organic solvents with the exception of alcohol. 

By heating barium gallate with silver nitrate, Lowe (J. pr. Chem., 
1867, 102, in) obtained a substance resembling gallotannic acid, 
and the same compound, together with ellagic acid, was also pro¬ 
duced by the action of arsenic acid on gallic acid. Schiff (Ber,, 
1871, 4, 231) found that when gallic acid was heated with phos¬ 
phorus oxychloride at 1 oo“, and subsequently at 12o' 1 , digallic acid 
was produced and this had the same percentage composition, and 
properties as natural gallotannin. The reaction (Annalen, 1873, l 7 °> 
56) most probably occurred as follows:— 

c 7 ha-o, 

*C,HA(OH) + POCl a = 2HCI + >P 0 C 1 

c 7 h 6 o 4 -o / 

C u H 1( Ao • P 0 C 1 + 4C7HA = 3C 14 H 10 Oj + H 3 P0 4 + HC 1 
and there was indeed evidence of the intermediate formation of a 
phosphorus compound. Further, it was noticed that pure tannin 
gives some ellagic acid when heated with phosphorus oxychloride at 
130—140°. Schiff (Ber., 1871, 4, 967) also corroborated Lowe's 
statement that digallic acid is produced from gallic acid by means of 
arsenic acid. The reaction could be expressed thus:— 

C r HA(OH) + H 3 As 0 4 - C,H, 0 ,. 0 . AsO, + sHjO 

QHAv c 7 ha v 

>0 + C r HA(OH) + HjO - )0 + HjAs 0 4 

AsOj—■ C,H t O/ 


4 *« 



THE NATURAL ORGANIC COLOURING MATTERS 

The following constitution was first assigned by Schiff to his 
digallic acid:— 

COOH(OH)jC # H 2 . 0 . C # H 2 (OH) 2 COOH, 

and indeed by means of acetic anhydride oply a tetra-acetyl com¬ 
pound was apparently produced. Later (loc. cit., 1873) a study of 
acetyltannin which was obtained as warty nodules, melting-point 
137°—Trimble (“The Tannins," i., 87) gives melting-point 139°; 
Nierenstein (Collegium, 1905, 23), 129—131°; Dekker (Ber., 1906, 
39, 2497), r29°; and Nierenstein (ibid., 1907,40, 917), 146- (cf. 
Bfittinger, ibid., 1884, 17, 1478)—indicated that this possessed the 
formula C 14 H 6 0 9 Ac 5 , and the constitution given below was therefore 
adopted— 

COOH(OH) 2 . C S H S . 0 . CO . C„H 2 (OH)j 

A penta-acetyl derivative was also given by digallic acid prepared 
both by the phosphorus oxychloride and arsenic methods (Ber., 1873, 
68, 72), and there appeared at the time to be no doubt that this 
artificial product was identical with the natural tannin. Phosphorus 
pentachloride and phosphorus trichloride again produced digallic 
acid from gallic acid. According to Geschwender (Inaugural Diss. 
Munich, 1906), penta-acetyldigallic acid can be obtained in a cry¬ 
stalline condition from dilute alcohol. 

By heating protocatechuic acid with arsenic acid, Schiff (Ber., 
1882, 15, 2589) obtained his diprotocatechuic acid in the form of a 
hygroscopic glassy mass. This possessed the characteristics of a 
tannin, and with boiling dilute mineral acids was converted into pro- 
tocatechuic acid. 

Dipyrogallol carboxylic acid from pyrogallol carboxylic acid and 
phloroglucinol tannic acid from phloroglucinol carboxylic acid were 
also prepared (Annalen, 295, 40). 

Freda (Ber., 11,2033; 12, 1576), however, did not obtain digallic 
acid by the interaction of gallic and arsenic acids, but only an arsenic 
compound, which on treatment with sulphuretted hydrogen gave 
gallic acid. 

Biginelli (Gazzetta, 1909, 39, ii., 68) obtained from arsenic acid 
and gallic acid arsenic gallic acid, As 0 ( 0 H) 2 0 . CjH 2 (OH)jCOOH, 
arsenic digallic acid, ( 0 H)As 0 [ 0 . C«H 2 (OH) 2 COOH] 2 , and dihtxaky- 
droxybenwphemne arsenic acid, 

(OH)AsO[ 0 . C,H 2 (OH) 2 . CO. C,H 2 (OH) s ], 

The second of these compounds, Biginelli suggests, forms one of the 
constituents of SchifPs artificial tannin. 
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Similar compounds are produced by the action of phosphoryl 
chloride or iStimonic acid on gallic acid (Biginelli, ibid ., 283) to 
which the following formulae have been assigned:— 

P 0 ( 0 . C 4 H 2 (OH)sCOOH)s, Sb 0 ( 0 H) 2 0 . QH 2 (OH) 2 COOH, 
and (OH)SbO(O. C 8 H 2 (OH) 2 COOH) 2 

All these substances react as tannins, and it seems possible that 
SchifTs digallic acid preparations are in reality similarly constituted. 
On the other hand, Walden (Ber., 1898, 81, 3168) prepared Schiffs 
digallic acid by the arsenic acid method, and although he noted the 
difficulty of completely removing arsenic, this appeared to be absent 
from the purified compound (cf. also Nierenstein, Chemie der Gerb- 
stoffe, Stuttgardt, 1910, 44). 

By heating gallotannin with benzoyl chloride, Bottinger (Ber., 
1889, 22, 2707) prepared a benzoyltannin in the form of a sandy 
light yeljow coloured powder. Sisley {lac. cit.) and Dekker {lac. cit.) 
describe similar products. Vournasos (“ Le tannin de la noix de 
galle,” 27), on the other hand, describes pcntabcnzoylgaUotannin as a 
well-defined crystalline compound. 

By heating a mixture of ethyl gallate and pyruvic acid with sul¬ 
phuric acid, Bbttinger (Ber,, 1884, 17, 1476) prepared a substance 
QiHioOs, 2HA which he at first regarded as digallic acid. It con¬ 
sisted of a very hygroscopic mass which had the properties of a 
tannin, gave a penta-acetyl compound, and with lead acetate solution 
yielded a dull yellow precipitate. As, however, by digestion with 
boiling dilute hydrochloric acid no gallic acid was produced, it could 
only be an isomeride of natural gallotannin. 

According to Hunt (Chem. News, 52, 49), a substance which 
behaves in many respects like tannin can be prepared by the inter¬ 
action of monobromoprotocatechuic acid and potassium gallate— 

C,H 2 (OH)jCOOK + C 8 H 2 Br(OH) 2 COOH 
- C,H 2 (OH) 8 CO.O. C 8 H 2 (OH) 2 COOH + KBr, 

but Schiff (Gazzetta, 1897, 21, i., 90) was unable to synthesise tannin 
by this method. 

Herzigand Tscherne (Ber., 1905, 38, 989) obtained mcthyltannin 
by the action of diazomethane on gallotannin suspended in ether, 
and describe it as a colourless amorphous powder, melting-point 124 
—126“. It had the composition 

Cs4H 8 O r (OCH,) 8 or CmHjoCMOCH,)* 
is dextro-rotatory and when hydrolysed gives a mixture of trimcthyl- 
gallic acid and 3: t-dimetkylgallic acid. The percentage of methoxyl 
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found, however, approximates to that required for a pentamethyi- 
gallotannin (Herzig, ibid., 1908,41, 83). Later, Herag and Renner 
(Monatsh., 1909, 30, 543) consider that their methyltannin may 
possibly be a mixture of substances which have approximately the 
same composition, and indeed contain pentamethoxy derivatives of 
the tannin constituents described by Nierenstein (see below), Rosen¬ 
heim (Chem. Soc. Proc., 1905, 21, 157), by means of methyl sul¬ 
phate, obtained a compound having the composition of a tannin 
pentamethyi ether. 

Whereas, for a considerable time, Schiff’s formula was generally 
recognised as the best-known expression for the constitution of 
gallotannin, it had been pointed out by Scheibler in 1866 (Zeitsch. 
Zuckerind., 16, 33), by van Teigheim in 1867 (Ann. Sci. Nat., [v.], 
8, 210) and by Gunther in 1872 (Ber. pharm. Ges., 5, 172) that 
natural gallotannin was optically active. 

Owing no doubt to the idea that unless carefully purified, gallo¬ 
tannin obstinately retains traces of sugar, this fact did not attract 
special attention until Schiff (Gazzetta, 1895, 25, ii., 437) noted that 
the pure substance possesses a dextro-rotation ([a] D = + 14° to 
+ 67°). In order to provide for the assymmetric carbon atom, a 
modification of his earlier formula was accordingly necessary, and 
he now suggested that gallotannin should be represented as a ketonic 
compound of the following constitution:— 

C(OH)—C(OH)-C(OH) CH . C(OH): C(OH) 

II | I! II | 

CH-G(COOH)—C—CO—C— CH' --C(OH) 

On the other hand, by the action of phenylhydrazine under 
varied conditions, no hydrazone could be prepared from gallotannin. 

According to Walden (Ber., 1897, 30, 3151), who examined the 
purest samples of commercial tannin available, these products, as 
already indicated by Schiff, vary considerably in optical activity, 
having [o] D from + 15° to + 67°, and are evidently mixtures. 

Whereas Patemo (Zeitsch. physikal. Chem., 1899, 4, 458) found 
the molecular weight of tannin in water to be 2643—3700, and that 
of Schiff’s digallic acid 66o, Sabandeff (J. Russ. Phys. Chem. Soc., 
1890, >2, 104) showed that in acetic acid gallotannin gave the figure 
1322. Kratff, again (Ber., 1899, 32, 1613), found for gallotannin 
in water 1587—1626. 

Walden (Ber., 1899, 31, 3167), on the other hand, showed that 
the molecular weight indicated by Schiffs digallic acid in boiling 
acetone is about 316, whilst samples of Merck’s and Schuchardt’s 
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tannin in the same solvent respectively gave figures of 7S3—763 and 
1350—1360." Moreover, the affinity coefficient of SchifTs digallic acid 
is K « 0 001 a, whereas that of tannin, which varies greatly with the 
concentration, is from K = 0 0001 to K = o'oooo6. Spectrometric 
examination of solutions of gallotannin and digallic acid showed also 
that their absorption powers for all regions of the spectrum are 
entirely different, and from these facts there could be no doubt that 
gallotannin and SchifFs digallic acid are distinct compounds, 
Moreover, it was not possible to regard digallic acid as the inactive 
modification of gallotannin. Rosenheim and Schidrowitz (Chem. 
Soc. Trans., 1898, 73, 878), who examined samples of commercially 
“pure” gallotannins, again pointed out the wide limits through 
which the rotation of these varied, the minimum being [a] D + 11” 
and the maximum + 74'2°. The important point was also indicated 
that these commercial products could be separated into fractions 
the rotatory powers of which varied from [u]„ ± o° to [o] D + 7 5’a”, 
and it was further concluded that in each of the original samples 
a homogeneous gallotannin exists, possessing an optical activity of 
about [a] 0 + 75°. As a confirmation of this point it was noted that 
the quinine salts and penta-acetyl compounds prepared from gallo¬ 
tannins of [a] D + 11° up to [a]„ +75° were identical in rotatory 
power inter se with those prepared from the purified gallotannin 
\cf. also Iljin, Ber., 1914, 47, 985). 

According to Nierenstein (Ber., 1905, 38, 3641) when gallotannin 
is distilled with zinc-dust, diphenylmcthane is produced, a result 
which is in harmony with Schiff’s formula for digallic acid, in that 
it has been previously found that ellagic acid (1) and diphenyi- 
methylolid (2) (Graebe, ibid., 1903, 36, 212) by a similar method 
givefluorene (3) (cf. also Perkin and Nierenstein, Chem. Soc. Trans., 
1905, 87, 1412):— 



Deklcer (Ber., [906, 39, 2497 ; ibid.. 3784) suggested that gallo- 
tannin should be represented as a derivative of phthalic anhydride— 
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and it was considered that this formula is in harmony with the 
optical activity, almost complete hydrolysis to gallic acid and the 
formation of diphenylmethane. According to numerous workers, 
however, gallotannin gives only a penta-acetyl derivative, whereas 
such a constitution indicates seven hydroxyl groups, and though 
Dekker describes a hexa-aeetyl tannin [a]„ + 64 -4° the existence of 
this is doubtful. 

Later, however, Dekker (De Looistoffen, 1908, ii., 30, 1908) was 
unable to confirm the production of diphenylmethane from tannin 
as observed by Nierenstein {loc. tit.), and obtained only diphenyl. 
Nierenstein (Chemie der Gerbstoffe, 1910, 47), however, maintains 
the correctness of his former work. 

Lloyd (Chem. News, 1908, 97, 133) concludes that gallotannin 
contains three digallic groups united to each other to form a six- 


O.CXY. 

membered ring of the type CXY(" )0 in which 

x O.CXY / 


X 



COOH 

-o-O 

OH OH 


Nierenstein (Ber,, 1907, 40, 916) separates acetylgallotannin, 
which, on analysis, behaves as a penta-acetyl compound, into two 
amorphous components, (a) melting-point 303—206“ present in 
small quantity, and (i) the main product, melting-point 166°. The 
former when hydrolysed gives gallic acid, and on oxidation by means 
of potassium persulphate and acetic acid, ellagic acid. By means of 
sine-dust the penta-acetyl tannin, melting-point 203° (Ber., r9o8, 
41, 77), may be reduced to the acetyl derivative, melting-point 166°. 
Again, the compound, melting-point 166°, which is termed acetyl- 
leucotannm, is not a fully acetylated compound, but on further 
treatment gives hexa-acetyl-leucotannin, melting-point 159°. Thu? 
gallotannin is considered to be a mixture of digallic acid and leuco- 
tannin, C,H,(OH),. CH(OH). 0 . C,H s (OH) s COOH, the latter being 
evidently the main component of the mixture. 
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Pen ta-acetyl-leuco tannin (Ber., 1909, 42, traa) is hydrolysed 
by boiling dilute sulphuric acid with formation of gallic aldehyde 
and gallic acid as its formula suggests, and when oxidised with per¬ 
sulphate and sulphuric acid in boiling acetic acid gives, in addi¬ 
tion to ellagic acid, a red amorphous product, purpuro-tannin 
(C «* 69-14, H - 2 84), which on distillation with zinc-dust yields 
naphthalene. 

In a later paper (Nierenstcin, Annalen, 1912, 386, 318) the 
formula C 14 H 8 O 0 (C = 52-5 ; H = 2 5) is assigned to this compound, 
and the quinoline salt, . 2C 9 H T N, tetra-acetyl compound, 

melting-point 324 — 327“, tetrabenzoyl compound, melting-point 
279—281°, and tetramethykther , melting-point 242—244 0 , are de¬ 
scribed. By distillation with zinc-dust it gives diphcnylcnc and 
not naphthalene, as was at first considered to be the case. With 
piperidine at 180” it gives 1:2:718 tetrahydroxydipkcnylcne oxide , 
CjjH 8 0 5 , melting-point 334—338°, with hydriodic acid and phos¬ 
phorus diphcnylcnc oxide , and from these results appears to possess 
the following constitution:— 


COOIl COOll 



Iljin, on the other hand, who studied the action of zinc-dust on a 
boiling to per cent, aqueous solution of tannin for r5 to 20 hours, 
obtained an amorphous substance which has [a]„ + 24-1° in 95 
per cent, alcohol, gives coloured precipitates with metallic salts, and 
gallic acid without gallic aldehyde when heated with 20 per cent, 
sulphuric acid in a current of hydrogen (J. pr. Chem., tgo9, [ii.], 5, 
80, 332). 

According also to Herzig and Renner (Monatsh., 1909, 30, 543), 
tannin methyl ether ( loc. cit.) is practically unaffected by boiling with 
acetic acid, zinc, sodium acetate, and acetic anhydride, no leuco 
compound being thus produced. 

Iljin (J. Russ. Phys. Chem. Soc., 1908, 39, 470; Chemie der 
Gerbstoffe, 1910, 49) obtained two phenylhydrazine derivatives, 
C T1 H M N|O w and from gallotannin. He suggests for 

gallotannin the formula C m H w Ojj, and proposes the following con¬ 
stitution, in which 
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R, = -CO. C,H s (OH) 8 and R 2 - -C 4 H 2 (OH), 


R i\ / 

)C- 0 - 0 -C( 

VI ! X 


R i ' 

r 2 


Rl\ I 
)c—0- 

r/ 


R, 

r 2 


E. Fischer (Ber., 1908, 41, 2875), by coupling tricarbomethoxy- 
gallyl chloride with dicarbomethoxygallic acid, obtained a product 
which, on hydrolysis, gave a substance, melting-point 275—280°, 
crystallising in prisms or needles. This was considered to be pos¬ 
sibly a mixture of digallic acid with gallic acid, but was subsequently 
shown (1911, see below) to be a slightly impure digallic acid, 


(OH) 3 C 6 H 2 . CO . 0 . C # H 2 (OH) 2 COOH 

According to Nierenstein (Ber., 1910, 43, 628), by converting 
gallotannin into the carboethoxy derivative, hydrolysing this with 
pyridine and repeating the operation three or four times, there is 
obtained a digallic acid, C 14 H 10 Oji, 2H 2 0, crystallising in small 
needles from alcohol and water (1 :3) which sinters at 214° and 
melts at 268—270°. It (1) is optically inactive, when hydrolysed 
gives gallic acid, and on oxidation with hydrogen peroxide ellagic 
acid, but is not identical with Fischer’s digallic acid (2) which does 
not yield ellagic acid. Nierenstein formulates these compounds as 
follows:— 


(») 




HO COOH 


Ptnta-acctyldigailic acid, needles, melting-point 211 — 214 °,Rcn/a- 
btnioyldigallic acid , needles, melting-point 187—189 fentacarbetk- 
oxydigallic acid , small cubes, melting-point 194—195°, and sodium 
digal/ait are described. 

By digestion with boiling acetic anhydride and zinc-dust, penta- 
acetyldigallic acid gives dl - hcxa - acttyl - Uucotannin, melting • point 
■ 4«8 
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*54—155°, cubes, and may be separated by means of the strychnine 
salt into \-hexa-acctyl-leucotannin, having melting-point 151° and 
[“Id “ 4'®> an< J d-htxu-act/yl-kucolannin, having melting-point 153 
—154“ and [a]“ + m'5°. 

*Iljin (J. pr. Chem., 1910, [ii.], 82, 422) redetermined the mole¬ 
cular weight of specially purified gallotannin in acetone, and found 
values of 1247— 1 637, confirming the results of Sabaneeff and of 
Wa'den (ioc. cit .). Accordingly he considers that gallotannin must 
consist largely of a complex derivative of gallic acid, distinct from 
the digallic acid and leucotannin of Nierenstein. 

When gallotannin is boiled for four hours with zinc oxide the 
filtrate does not react with ferric chloride. The residue decom¬ 
posed with sulphuric acid gives gallic acid and the compound pre¬ 
viously obtained by the action of zinc-dust on tannin ( loc. cit.) in 
approximately equal amount (Iljin, it id ., 1910, [ii.], 81, 327). Man¬ 
ning (J. Amer. Chem. Soc., 1910, 32, 1312) prepares ethylgallotan- 
nate, C sl H i2 0 2 j, 5H0O, yellow crystals, melting-point 157°, bypassing 
dry hydrogen chloride into an alcoholic solution of gallotannin; 
this on hydrolysis gives ethyl alcohol, dextrose, and gallic acid. 
This compound may be synthesised by treating a mixture of ethyl 
gallate and dextrose with phosphoryl chloride. 

Fischer and Freudenberg (Annalen, 1911, 384, 225) coupled di- 
carbomethoxygallic acid and tricarbomethoxygallyl chloride in alkaline 
solution, and by hydrolysis of the insulting product obtained a pure 
digallic acid. It crystallises in needles, is much less sparingly soluble 
in water than gallic acid (approximately twelve times), and melts at 
275° (corr. 282") with decomposition. With ferric chloride it gives 
a blue-black coloration and possesses the properties of a tannin. 
For a description of the diprotocatechuic acid, digentisic acid, and 
di-/ 3 -resorcylic acid of these authors, see below. 

Paniker and Stiasny (Chem. Soc. Trans., 1911, 99, 1819) 
investigated the acid character of this substance by the diazo-acetic 
ester method of Fraenkel (Zeitsch. physikal. Chem., 1907, 60, 
202), because, according to the previously expressed view of Bot- 
tinger (Ber., 1884, 17, 1503), Dekker (ibid., 1906, 39, 2497), and 
Walden (ibid., 1898, 31, 3170), no free carboxyl group is present 
in this compound. It is shown that gallotannin is to be regarded 
as an acid, the affinity constant being of a distinctly higher order 
than that shown by phenols. 

Gallotannin can be divided into two parts by saturating its solution 
with sodium bicarbonate, one part being soluble in ethyl acetate, 


429 



THE NATURAL ORGANIC COLOURING MATtERS 

whilst the other forms a sodium salt and is insoluble. Thus the 
former product is shown to be only half as acid as that which is 
set free on acidifying the sodium salt in solution. The experiments 
favoured the view of Kunz-Krause (Schweiz. Wochensch. Chem. 
Bharm., 1898, No. 38), Walden (loc. tit.), Aweng (Rev. Int. Fajgif u 
1898, n, 29), and Nierenstein [loc. tit.), that gallotannin is a 
mixture of two or more chemical individuals. 

With alcoholic potassium acetate, gallotannin gives a precipitate 
of the potassium salt which appears to have the unimolecular for¬ 
mula C 14 H # Oi,K. This compound is devoid of optical activity. 

According to Nierenstein (Annalen, 1912, 388, 223), when an 
aqueous solution of tannin is reduced with zinc-dust by Iljin’s 
method (loc. tit.), AUeucodigallic acid, fine needles, melting-point 
278—280°, is produced, and the same compound can also be 
prepared by the reduction of digallic acid. By means of the carb- 
ethoxy derivative, this can be resolved into Vleucodigallic acid, melting- 
point 276—277°, which has [a]‘ D 5 - ]o'2(i, and d -leucodigallic acid, 
melting-point 276—277°, which has [a ][9 + i04’2° in water. As 
leucodigallic acid does not possess tanning property, it cannot be 
present in gallotannin, and the author now therefore discards his 
theory that the latter is composed of a mixture of digallic and leuco¬ 
digallic acids. Tannins are accordingly now considered to consist 
of polydigalloyldeuco-digallic anhydrides — 

(OH),. CjHj . C 0 [ 0 . (Oil),. C,H 2 . CO. 1 . 0 . OH . 

C,H,. CO. O. (OH),. C„H 2 . CH(OH). 0 . (OH),. C„H, 

I I 

0 __CO 

Schering's tannin, employed by this author, gave digallic and 
leuco-digallic acids in the proportions 3 : 1 or 4:1 (cf. Ber., 1907, 
40, 916), and was consequently a digalloyl, tri- or tetraleucodigallic 
anhydride. For further details the original paper must be con¬ 
sulted. 

E. Fischer and Freudenberg (Ber., 1912, 45, 915) take an en¬ 
tirely different view of the constitution of gallotannin, and announce 
the important fact, not generally suspected, that this compound con¬ 
tains a glucose nucleus. Purified preparations of gallotannin have 
[«]" approximately + 70°, and these samples, when hydrolysed with 
acid, yield gallic acid and a small amount of dextrose. Gallotannin 
is most probably a compound of dextrose with five molecules of 
digallic acid, of the nature of penta-acetyldextrose, and such a con- 
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stitution will agree with its high molecular weight, Optical activity, 
faint acidity, and ready solubility in water. Synthetical tannin com¬ 
pounds, derivatives of dextrose, are described, the properties of 
which favour this suggestion. Tricarbomethoxygalloyl chloride in 
chloroform solution reacts with dextrose in the presence of quino¬ 
line, to form penta-tricarbomethoxygalloyl glucose, from which, by 
hydrolysis with alkali, ptntagalloyl glucose is produced. It is a yellow 
powder of astringent taste, possesses the power of precipitating 
gelatin solutions, and has [a]„ + 31° to + 35° in water, or + 44'4° 
in alcohol. Similar compounds of gallic acid with «-methy!gluco* 
side and glycerol, and of/-hydroxybenzoic acid with dextrose are also 
described. 

Manning and Nierenstein (Ber., 1912, 45, 1S46) considered that 
a sugar nucleus is not present in pure gallotannin, and point out that 
this is not produced when either Schering’s tannin or Herzig and 
Renner's methyl tannin (foe. cit.) is hydrolysed with alkali. Again, 
ethyl gallate is the sole product of the esterification of this tannin. 

Herzig (Ber., 1912, 45, 1985) considers that the argument of 
these authors is no proof of the absence of a sugar nucleus in methyl 
tannin or tannin itself, whereas Biddle and Kelley (J. Amer. Chem. 
Soc., 1912, 34, 918) show that the so-called ethyltannate of Man¬ 
ning is in reality ethyl gallate. On the other hand, Feist reiterated 
the fact (Ber., 1912, 45, 1493) that in 1908 (Chem. Zentr., 2908, 
ii., 1352) he isolated glucugallic acid , a compound of gallic acid and 
glucose, from Turkish gall-nuts. 

Fischer and Freudenberg (Ber., 1912, 45, 2709) further supported 
their view that gallotannin is a pentadigalloyl glucose, and in con¬ 
tinuation of their syntheses of tannin compounds employed penta- 
methyl-wj-digalloyl chloride with interesting results. Whereas the 
digallic acid previously synthesised by these authors is the /-com¬ 
pound (Ber., 1910, 43, 628), gallotannin is derived from the m-acid, 
for Herzig has shown that methyl tannin, when hydrolysed, gives 
gallic acid trimethyl ether and 3 : 4 gallic acid dimethyl ether (cf. also 
Nierenstein). 

When the trimethyl ether of galloyl chloride reacts with 3 :4 
gallic acid dimethyl ether, according to the method employed by 
these authors, fentamethyl-m-digallic acid — 
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melting-point J92—193', is produced (if. Mauthner, Ber., 1905, 38, 
389 ; Monatsh., 1909, 30, 543), and from this the chloride, melting- 
point 109— iio°, is readily obtained. In the presence of quino¬ 
line, this is condensed with a- and / 3 -glucose respectively, and such 
a procedure was adopted, because it was found that benzoyl and 
cinnamyl chlorides, in a similar manner, give with a- and ^-glucose 
stereo-isomeric compounds. 

The »»-digalloyl derivatives thus prepared are amorphous, possess 
the composition of penta-[pentamethyl-digalloyl]-g!ucose, but appear 
in each case to be a mixture of stereo-isomerides. Thus the a-glucose 
product in acetylene tetrachloride had [a] D + 28° (approx.), and 
after repeated solution in hot alcohol [a] D + 14° (approx.), whereas 
the / 3 -glucose compound [o]„ + i9'5" behaved similarly. 

In case gallotannin is penta-m-digalloyl glucose it is evident that 
this product will represent its methyl ether, and indeed a very close 
resemblance appears to exist between this substance and the prepara¬ 
tion of Herzig. The methyl ether prepared from natural tannin 
(Herzig, he. cit) is not a uniform substance, but probably also a 
mixture of stereo-isomerides, the sample employed having in acetyl¬ 
ene tetrachloride [a]’ 6 + 14°, and after repeated solution in acetone 
and methyl alcohol [o]« + 10-6°. Finally, the criticisms of Manning 
and Nierenstein (he. cit.) as to the absence of glucose in pure tannin 
are shown to be valueless. It is likely that the work of Fischer and 
Freudenberg may soon culminate in the synthesis of penta-m-digalloyl 
glucose itself, in which case it is to be hoped that the mystery which 
has so long enshrouded the constitution of this important compound 
will be finally dispersed. On the other hand, the elaborate results 
of Nierenstein on such a basis are at present difficult to comprehend. 

Nierenstein (Ber., 1914, 47, 891) has withdrawn his criticism of 
Fischer’s proposals concerning the structure of tannin, and from the 
behaviour of tannin with yeast now concludes that glucose is an 
essential constituent of tannin. 

A summary of the position of the chemistry of tannin has been 
published by Fischer (Ber., 1913, 46, 3253), whilst further steps 
towards the synthetic production of tannin products have also been 
taken by him. These include the development of an improved pro¬ 
cess for the preparation of »i-digallic acid in quantity (Fischer and 
Freundenberg, Ber., 1913, 46, 1116). To this end gallic acid was 

A 

converted into carbonyl-gallic acid, C 0 ( hC 6 H 2 (OH)COOH, by 

N 0 / 
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the action of carbonyl chloride, in the presence of alkali or pyri* 
dine, and from this the methyl ether was produced which has the 
structure— 


OMe 



This product readily condenses with tricarbo-methoxy-galloyl chloride 
in alkaline solution, and by removal of the carbonic acid residues 
from the resulting product, a yield of over 50 per cent, of m-digallic 
acid may be obtained. 

A number of other synthetic products of this nature have also 
been described by Fischer ( cf. Ber., 1914, 47, 2485). 

For further references to gallotannin see Harnack (Arch. Pharm., 
1896, 234, 537), colour reaction; Ljubavin (J. Russ. Phys. Chem, 
Soc., 1901, 33, 680), tannin and tartar emetic; Thibault (Bull. Soc. 
Chim., 1903, (iii.), 29,745), tannin and bismuth; Vigneron (J. Pharm. 
Chim., 1906, (vi.), 23, 469), iodotannin; Farbewerke vorm. Meister, 
Lucius, and Briining (D.R.P. 173729), mixed anhydrides of tannic 
and cinnamic acids; Biginelli (Gazzetta, 1907, 37, ii., 205; ibid., 
i9°3> 38, i-, 559 ), tannates of quinine; Hildebrandt (D.R.P. 
188318), tannin and formaldehyde; Francis and Nierenstein (Col¬ 
legium, 191 r, 335), action of benzoyl chloride and potassium cyanide 
on benzoyl-hydroxybenzoic acids and on acetylated hydroxybenzoyl- 
hydroxybenzoic acids; Nierenstein (Die Gerbstoffe). 

Chestnut tannin .—Chestnut tannin has been examined by Nass 
(Inaugural Diss., 1884, Dorpat, Russia) and by Trimble (“The 
Tannins," ii., 119). According to the latter author it is probably 
identical with ordinary gallotannin (see Chestnut extract). 

Chebulinic acid or Eutannin. — This tannin was isolated by 
Fridolin from myrobalans, Terminalia chebula (Retz.), which also 
contain an ellagitannin. It crystallises in rhombic prisms, is spar¬ 
ingly soluble in cold water, gives with ferric chloride a blue-black 
precipitate, and by heating with water is converted into gallic add 
and a new tannin. 

Thoms (Chem- Zentr., 1906, i,, 1829; Apotheker Zeit., 1906, 
21, 354) has found that commercial eutannin is identical with chebulic 
acid, CjsH S j 0 19 . It consists of small colourless needles, containing 
water of crystallisation, reacts acid to litmus paper, decomposes at 
234“, and has [a]„ initially + 617°, gradually rising to + 66-9°. An 
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cnnea-acetyl and methyl derivative are described, the latter giving 
trimethylgallic acid by the action of sodium hydroxide solution. 
With water at too—150° the tannin yields gallic acid and eutannin 
hydrate, C S 8 H 21 Ojo, a colourless powder decomposing at 200—a 10°. 
When eutannin is dissolved in cold sodium hydroxide, the solution 
acidified with acetic acid, and then treated with lead acetate solu¬ 
tion, the resulting precipitate, after decomposition with sulphuretted 
hydrogen, gives gallic acid, and a tannin ChH 18 0 12 or 'C^H^On, 
which consists of a yellow powder, having [a]„ + 26° at 15°, and 
giving a blue coloration with ferric chloride. To chebulinic acid the 
following constitution is assigned:— 

OH 

H0/^j0H 

Y, 

A “ ™ 

i x 

H0/ X |—C0—°- /X |- 0 - CH C< OH 

I H I I H 

H °\/ \/ HO >( " y^OH 

OH COOH X 

0—-CO 

According, however, to Fischer and Freudenberg (Ber., 1912, 45, 
915), when hydrolysed chebulinic acid gives also dextrose. 

Hamamelitannin. —This compound, one of the few gallotannins 
as yet isolated in a crystalline condition, occurs in the bark of the 
Hamamelis virginiana (Linn.), a tree, 10 to 12 feet high, common in 
North America. The bark, previously extracted with light petroleum 
to remove plant wax, is exhausted with ether-alcohol (5: 1), the 
solution evaporated, the residue dissolved in a little alcohol and 
treated with ether to precipitate certain impurities. Evaporation of. 
the ethereal liquid gives a product, a hot aqueous solution of which, 
after treatment with alumina and animal charcoal, deposits, on 
cooling, (he substance in the form of small colourless needles. From 
a dilute aqueous solution, hamamelitannin, C 14 H u Oj, crystallises with 
SHjO, but deposited from strong solutions the crystals contain 
a-JHjO. The air-dried substance melts at 1 r 5—n 7 0 , although when 
dried at 100° the melting-point is 303°. Hydrolysed with boiling 
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dilute sulphuric acid, gallic acid only was produced, and the presence 
of a sugar could not be detected. Hamamelitannin is dextro-rotatory, 
[«]„ - + 35'43°. According to Fischer and Freudenberg (Ber., 191*, 
46, *7is), however, this tannin probably contains a sugar nucleus. 

Btnioylhamamclitannin, C 1 ,H s 0 # (C ? H 5 0 ) 5 , is a yellow powder 
which melts at about 125—i3J°(Gruthper, Arch. Pharm., 236, 303). 

Oak wood tannin is probably a member of this group, but is de¬ 
scribed under the heading of Phlobatannins, 

Sumach tannin (see Sumach). 

Diprotocatcchuic acid is prepared by coupling monocarbomethoxy- 
protocatechuic acid with dicarbomethoxyprotocatechuyl chloride in 
alkaline solution and subsequently hydrolysing the product. It 
possesses the constitution (OH) 2 C 5 H a . CO . 0 . QH S (OH)COOH, 
and consists of fine needles which begin to sinter at 230° and melt 
with 1 decomposition at 237—239°. It is much more sparingly soluble 
in water than protocatechuic acid, gives with ferric chloride a bluish- 
green coloration, and possesses tanning properties (Fischer and 
Freudenberg, Annalen, 1911, 384, 2, 238). 

Di-f 3 -rcsorcy/ic acid, prepared from /J-resorcylic acid by the same 
general method, (OH) 2 C 6 H 3 . CO. O. CjH s (OH)COOH, forms small 
microscopic needles, melting at 215° (corr.), sparingly soluble in 
water. It gives with ferric chloride a violet-red coloration and be¬ 
haves as a tannin. 

Digentisic acid, (OH)X,H 3 . CO. 0 . C„H s (OH)COOH, crystal¬ 
lises in fine needles, melting-point 208—209° (corr.), sparingly 
soluble in water. The aqueous solution precipitates gelatin and 
gives a blue coloration with ferric chloride. 

Fischer and Hoesch (loc. cit., 224) and Fischer and Lepsius (toe. 
cit., 224) have prepared numerous other acids of this type, but it is 
not stated as yet if these are to be regarded as tannins. Lecanoric 
acid, ramalic acid, evernic acid, and no doubt other lichen acids (loc. 
cit.) which structurally belong to this group may, it is possible, also 
possess tanning property. 

Group II.— Diphenvlmethvloud or Ellagitiuwins. 

This tannin group, which has for its mother substance diphenyl- 
methylolid (2), is at present only represented by one well-authenti¬ 
cated member known as ellagitannin, unless indeed pomegranate 
tannin (see below) is a distinct compound. Whereas Perkin and 
Nieienstein (Chero. Soc. Trans., 1905, 87, 1428) considered that 
ellagitannin was probably formed by the condensation of two mole¬ 
cules of digallic acid and possessed the formula (t) or was a glucoside 
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of this substance, according to Nierenstein, ellagitannin (f.v.) 
(cf. also Ber., 191a, 45, 365) is aglucoside of luteoic acid (3)— 



I | OH 
COOH OH 


(») ( 3 ) 

Numerous natural tannin matters yield ellagic acid, but these 
have been little investigated, and it is likely that glucosides giving 
ellagic acid by hydrolysis but differing from ellagitannin itself in the 
character ot their sugar nuclei will be later discovered. 

Though various hydroxydiphenylmethylolid compounds have 
been synthetically prepared, e.g. metellagic acid, C 15 H s 0 4 ( 0 H), cat- 
ellagic acid, C 1< H 1 0 1 ( 0 H) 2 , flavellagic acid, C u H 0 4 ( 0 H) 6 , and 
coeruleoellagic (cyanellagic) acid, Ci 4 0 4 ( 0 H) 6 , (loc, at.), ellagic acid 
is the only member of this group which has been isolated from 
natural sources. 

Pomegranate tannin , C 2 oH w O I3 , is an amorphous greenish-yellow 
substance contained in the root bark of Punka granatum (Linn.), 
Boiling dilute sulphuric acid hydrolyses it with formation of a sugar 
and ellagic acid (Rembold, Annalen, 143, 385). 

Group III.— Catechol or Phlobatannins. 

The catechol tannins are characterised among other distinctive 
features by the important fact that when digested with boiling dilute 
mineral acids a red precipitate, known as “anhydride” or 
“phlobaphene," is produced. The designation “catechol” arises 
from the fact that the majority of these substances give a green 
coloration with ferric chloride, and protocatechuic acid or catechol 
as one of their decomposition products. Such a classification is, 
however, misleading, in that by comparison with gallotannin, one is 
led to infer that these substances are similarly constituted and derived 
from diprotocatechuic acid only— 

(OH) s QH,. CO. 0 . C,H,(OH)COOH 
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When hydrolysed, however, diprotocatechuic add gives two 
molecules of protocatechuic acid without production of phlobaphene 
(Emil Fischer, private communication). Moreover, certain phlo- 
baphene-yielding compounds are now known to exist in which a 
catechol nucleus is absent. Thus the cyanomaclurin of Jakwood 
(y.e.) is an instance in point, for although it contains only phloro- 
glucinol and resorcinol nuclei, it readily yields a red anhydride of 
this character (cf also Mimosa tannin, Pistachia tannin, and Maletto 
tannin). Evidently therefore the phlobaphene reaction is either due 
to the special structure of the tannin itself, or to the presence of a 
second phenolic grouping other than catechol in the molecule. This 
structure may perhaps vary in certain cases, but until this is clear it 
appears to be preferable to include all phlobalannins under one 
group rather than to complicate the subject by the introduction of 
subdivisions. 

Kottinger and Etti (loc. cit.) have suggested a benzophenone 
structure for certain tannins, and this applied to the phlobalannins 
has, at first sight, the merit that mac/urin (see Old Fustic)— 


OH 



with dilute hydrochloric acid gives rufimoric acid (Wagner, Jahres,, 
1851, 420), a.red amorphous phlobaphene-like mass. Kinoin (see 
Kino), usually regarded as the methyl ether of a pentahydroxybenzo- 
phenone, is readily transformed into kino-red, whereas aromadendrin 
(see Kino), apparently also a benzophenone derivative, resembles, 
according to Maiden and Smith, catechin in many of its properties. 
It has not yet been ascertained if the carboxylic acids of certain 
hydroxybenzophenones are tannins, but on the other hand it is to be 
remembered that compounds possessing such a structure will be strong 
mordant dye-stuffs, a property which is generally absent from tannins of 
the so-called catechol type. As already indicated, many phlobatannins 
are known which contain two distinct nuclei, more frequently phloro- 
gludnol in addition to catechol, a fact which in these cases accounts 
for their reactivity with diazobenzene. More difficult to understand, 
however, is the precipitation of all phlobatannins in aqueous solution 
with bromine; this could be accounted for in those instances in which 
phloroglucinol or resorcinol nuclei are present in the compound, but 
curiously enough no difference in this respect appears to have been 
observed in cases where evidence as to the existence of these latter 
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groupings has been of a negative character. Though by incautious 
alkali fusion, the existing phloroglucinol nucleus may escape detection 
and probably in many instances has done so, this evidence is such 
that it is bard to presume that in all cases bromine precipitation 
arises from the presence in these compounds of a specific phenolic 
grouping. . 

It is most probable that the phlobaphene reaction is, in many 
cases, to be assigned to the well-known reactivity of the phloro¬ 
glucinol group present in these substances, and this has also been 
suggested by Emil Fischer. Thus coloured compounds can be 
obtained by the interaction of phloroglucinol with many aldehydes, 
of which the red phloroglucinol vanillein is an example, and more¬ 
over the phloroglucides of Counder (Ber., 1895, 28, 26), prepared 
by passing hydrogen chloride into mixtures of phloroglucinol and 
various sugars in aqueous solution, are coloured, the (/-galactose 
phloroglucide possessing a red tint. Again, by boiling dextrose and 
phloroglucinol with dilute hydrochloric acid, a brownish-red precipi¬ 
tate of a phlobaphene-like character can be easily produced (private 
communication). Interesting in this respect also is the “phiorotan- 
nin red” of Schiff (Annalen, 245, 40), which he obtained by heating 
his so-called diphloroglucinol carboxylic acid to 160—175°. 

That phlobatannins like gallotannin owe their tanning property, 
as a rule, to the depside grouping appears likely, and it has indeed 
been observed by Trimble (‘‘The Tannins,” ii., 91) that tannins from 
various species of oak, on long digestion with boiling 2 per cent, 
hydrochloric acid, give not only phlobaphene but some quantity of 
protocatechuic acid. 

In the light of the researches of E. Fischer and Freudenberg 
(toe. at.), it is also to be anticipated that many of these compounds 
will be eventually found to possess a sugar nucleus. 

Closely connected with the phlobatannin 'group are the well- 
defined crystalline substances catechin, aca-catechin and cyano- 
maclurin, to the first of which the constitution— 

Ho/\ HO/\ / ° X 'CH, 

HOl^J-CH. CH 3 

OH 

has been assigned by v. Kostanecki and Lampe. 

Catechin, although not a tannin, reacts with pine wood and 
hydrochloric acid, gives with bromine water the insoluble bromcate- 
churetin and readily yields substances of a phlobaphene character. 
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jtnougn me evidence is not precise it is stated by Loewe and also 
by Etti that catechin can be readily transformed into catechutannic 
add, a substance existing side by side with it in the plant and 
possessing properties typical of the phlobatannin group. It has 
indeed been surmised that the catechol tannins of certain plants 
may owe their origin to the prior existence of substances of the 
catechin’ type, and that in addition to the compounds previously 
enumerated, the so-called quebracho resin and guarana catechin are 
intermediate products of tanniit formation. Again, according to 
Procter (private communication), a colourless catechin-like substance 
is to be found in mangrove cutch. 

With the exception of coca-tannic acid, no crystalline catechol 
tannins have been described, but all are amorphous and very similar 
in appearance to natural gallotannin, although on keeping, especially 
in the moist condition, they are apt to develop a red tint. Accord¬ 
ing to Perkin, most phlobatannins can be prepared in a nearly 
colourless condition by extracting a solution of the crude tannin to 
which sodium bicarbonate has been added with ethyl acetate (cf. 
Gallotannin). 

Numerous phlobatannins have been isolated, and a description 
of them is given below, although it is extremely doubtful whether 
the majority of these are individuals. In many cases, indeed, the 
general reactions of these compounds are the same, and considering 
the extreme difficulty in the effective purification of amorphous pre¬ 
parations of this character, specific differences which have been 
observed will no doubt, on further investigation, largely disappear. 
Trimble (loc. cit., ii., 132), who submitted certain phlobatannins to 
careful purification, found that there was a fair approximation in 
their percentage compositions, and it is thus natural to presume 
that the known members of this group are not so numerous as was 
formerly considered to be the case. 

Anachueta wood and bark contain a tannin which gives a green 
coloration with iron salts. 

Aspertannic acid , C^HnO* was obtained by Schwarz from 
Woodruff (Asperula odorata, Linn.), and gives a green colour with 
ferric salts. It does not yield precipitates with albumen, gelatin, 
and tartar emetic solutions. 

Atherosptrmatannin, from the bark of Alherosperma moschatum 
(Labill.), gives a green colour with ferric salts. A lead salt, 

QcHuPbQi, 

has been described by Zeyer (Jahrb. Min., 1861,769). 
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Barbitamao tannic acid, from the bark of the Stryfhnodtndron 
bariatimum (Mart.), (Wilbuszwitcz, Ber. Ref., 1886, 19, 349), is an 
amorphous red powder, which yields a phlobaphene, and on fusion 
with alkali, protocatechuic acid and phloroglucinol. 

Buck tannin , from the bark of the red beech, contains a tannin 
of the composition C 20 H 2S O 0 (Etti, Monatsh,, 10, 650). 

Caffetannic acid , Ci 5 H 18 O p , occurs in coffee berries in. the form 
of calcium and magnesium salts (Rochleder, Annalen, 59, 300); in 
cainia root, Chiococca brachiata (Ruiz, et Pav,), (Rochleder and 
Hlasiwetz, ibid., 1848, 66, 35); Nu.x vomica (Sander, Arch. Pharm., 
i 897 . 235 . 133 ); St. Ignatius beans (ibid.), and Paraguay tea, Ilex 
paraguensis (A. St. Hill.), (Rochleder, Annalen, 1847, 66, 39), (cf. 
also Graham, Stenhouse and Campbell, J. pr. Chem., 1856, 69, 815; 
Arata, Ber., 1881, 14, 2251; Kunz-Krause, Arch. Pharm., *893, 
231, 613; Ber., 1897, 30, 1617). 

It is an amorphous powder readily soluble in water, gives a dark 
green coloration with ferric chloride, and when boiled with potassium 
hydroxide solution gives caffeic acid and a sugar (Hlasiwetz, Annalen, 
1866, 242, 220), which is glucose (Sander, loc. cit.). On dry dis¬ 
tillation catechol is formed, and by fusion with alkali protocatechuic 
acid is obtained. The ammoniacal solution becomes green on ex¬ 
posure to air with formation of viridic acid , a substance which is also 
present in coffee berries in the form of its calcium salt (Rochleder, 
Annalen, 63, 197). According to Griebel (Inaugural Diss. Munich, 
1903) caffetannic acid is and a penta-acetyl derivative 

corresponding to this formula is described. 

Callutanmc acid, C h H h 0 9 , contained in heather, Calluna 
vulgaris (Salisb.), is an amber-coloured substance. It gives a green 
coloration with ferric chloride, and when heated with dilute mineral 
adds yields an amorphous anhydro derivative, C h H 10 O 7 (Rochleder, 
Annalen, 84, 354; Sitz. Ber., 9, 286). 

Canaigre tannin is present in the tuberous roots of the Rumex 
hymcnosepalus (Torr.), an important American tanning material. It 
has been submitted to an elaborate examination by Trimble (“The 
Tannins,” 1894, ii., 115), who describes it as a yellowish-white 
powder readily soluble in water, which gives with lead acetate solu¬ 
tion a yellow precipitate, and with ferric chloride a green precipitate. 
It reacts with bromine water to give a yellow deposit, and on heating 
to 160—190° is decomposed with production of catechol Boiling 
* per cent, hydrochloric acid yields an insoluble red phlobaphene 
together with some protocatechuic acid. Sugar is not formed in this 
decomposition. Analysis gave C ■» 58103 H - 5-33, figures 
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which approximate to, thougfi'they are somewhat lower than, those 
given by the best-known phlobatannms. 

Catechutannic acid (see Catechu), 

Cherry bark tannin, C 2l H 20 Oio + ^HjO, is present in the bark of 
the Prunus cerasus (Linn.), (Rochleder, Sitz. Ber., 59, 819), and 
gives a green coloration with ferric chloride. It is not a glucoside, 
but when digested with boiling dilute acids gives a red phlobaphene, 
QiHijOg + jH 2 0 . 

Cocatannic acid, C 17 H 22 0 1(J + 2H 2 0 (?), present in the leaves of 
the Erythroxylon coca (Linn.), (Niemann, Jahrb. Min., r86o, 386), 
is sparingly soluble in cold water and gives a green coloration with 
ferric salts. According to Warden (Pharm. J., 18, 985) it can be 
obtained in microscopic crystals of a sulphur yellow colour. 

Colatannin or Kolatannin, C 1# H 2 (, 0 9 , a light red amorphous 
powder, exists in the Kola nut, Cola acuminata (Schott and Endl.), 
in combination probably with caffeine and theobromine (Knox and 
Prescott, Amer. Chem. J., 1897, 19, 63). With ferric acetate it 
gives a green coloration, and on fusion with alkali protocatechuic 
acid is obtained. Penta-acctylkolatannin, C, 5 H 15 0 8 (C«H 3 0 ) 8 , colour¬ 
less powder, tribromkolatannin, C ls H 17 0 8 Brj, red-brown powder, 
pcnta-acetyl-tribromkolatannin, C ls H 1 ..0 8 Br 3 (C2Hj0) 5 , pentabrom, and 
hexabromkolatannin have been described. On heating, kolatannin 
yields various anhydrides, (C Kl Hi., 0 7 ) 2 0 at 107—110°, (C 18 H 17 0 8 ) 2 0 
at 135—140“, and C 18 H ls O« at 155—156". 

Cortepinitannic acid, C 32 H m Oi 7 , occurs together with pinicor- 
tannic acid in the bark of the Scotch fir, Pinus sy/ves/ris (Linn.), 
It consists of a bright red powder, the aqueous solution of ryhich 
gives an intense green coloration with ferric chloride (Kawalier, 
Sitz. Ber., 11, 363). 

Euphrasia tannin is present according to Enz (Vierteljahrsch. 
Pharm. J., 8, 175) in the green parts of Euphrasia officinalis (Linn.), 
and gives a green colour reaction with ferric salts. Its lead salt has 
the composition C 37 H, 0 Pb 3 O 20 . 

Fragarianin, v. Strawberry tannin. 

Filitannic acid, C (l H 38 NO la (?), exists in fern-root (Aspidium filix 
mas, Swartz.), (Malin, Annalen, 143, 276), and forms a red-brown 
powder which, in aqueous solution, gives an olive-green coloration 
with ferric chloride. By boiling with dilute sulphuric acid it gives 
filix red, CjdHijOu, an amorphous compound, and this when fused 
with alkali gives phloroglucinol and protocatechuic acid (cf. also Reich, 
Arch. Pharm., 1900, 238, 648). 

Fraxitannic acid, QmHjjOm (?) occurs in the leaves of the ash 
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tree, Fraxinus excelsior (Linn.). It consists of a brownish-yellow 
deliquescent powder, and when heated at too 0 loses water and forms 
an almost insoluble anhydride, C !6 H, 0 Oi a (Gintl and Reinitzer, 
Monatsh., 3, 745). Aqueous ferric chloride produces a dark green 
coloration, and when oxidised with permanganate this tannin yields 
quinone. Acetylfraxitannic acid, , C 2! H 28 Oh(C 2 HjO) 4 , benioylfraxi- 
tannic acid, C s ,H 28 0 1( (C;H s 0 ) 4 , tribromfraxitannic acid, 

QsHzsBrjOn, 

and tetra-acetyltribromfraxitannic add, Cj S H 2 5Br 3 0 I4 (CjH30) 4 , have 
been described. 

Galitannic add, C u H w O w , H s O, exists in the bark of the 
Galium verum (Linn.), (Schwarz, Annalen, 83, 57). It gives a 
yellow precipitate with basic lead acetate and a green colour re¬ 
action with ferric chloride. 

Guarana tannin is present in the Paullinia cupana (H. B. and 
K.), the seeds of which, known as “guarana,” contain theine and 
are extensively used in South America for medicinal purposes. 
According to Nierenstein (Die Gerbstoffe, 20) the tannin consists 
of small colourless crystals, melting-point 199—201", and yields an 
acetyl derivative, melting-point 134—736°. It is tevo-rotatory, 
having [a]" = - 724 0 in water, and [a]“ = - 39-1° in alcohoL 

Hemlock tannin, C 2() H 18 0 iii (?) is present in Hemlock bark, 
Tsuga [Abies] canadensis (Carr.), the extract of which is prepared on 
a very large scale in North America for tanning purposes. Accord¬ 
ing to Bdttinger (Ber., 1884, 17, 1125), it is probably related to 
the quercitannic acid of the oak, and on heating with sulphuric or 
hydrochloric acid gives the anhydride hemlock red, C ( oH, 0 Oi 7 . With 
hydrochloric acid at 180°, hemlock red evolves methyl chloride; 
when heated with acetic anhydride the acetyl compound 

QoHjjO,-, (CjHjO)j 

is produced, whereas bromine gives a mixture ot the compounds 
QoHs»Br w Oi7 and C 4 oHj,Br u OiT. Bromine added to the diluted 
tannin extract precipitates tetrabromhemlock tannin, C S oH H Br t Oio, a 
yellow powder which yields the penta-acetyl derivative 

CjoHjBr^i^CjHaOJj, 

and by the further action of bromine the bromine compound 
QoHuBrjOio 

(cf, Trimble, Amer. J. Pharm., 1897, 69, 334, 406; J. Soc. Chem. 
Ind., 1898, 17, 558) is produced. 
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Hip tannin, Cj S H M Oe, present in hops (Humu/us luputus, 
Lime), (Etti, Annalen, 180, 333; Monatsh., 10, 651),- has all the 
properties of a catechol tannin. It gives with ferric chloride a dark 
green coloration and with boiling dilute mineral acid the phloba- 
phene “ hop red,” C, 8 Hj,Oi 6 . Hop red forms a cinnamon-coloured 
powder and on fusion with potash yields phloroglucinol and proto- 
catechuic acid. 

Horse chestnut tannin, C 2 jH 21 0is, is present in nearly all parts of 
the Aesculus hippocastanum (Linn.) and in the root bark of the 
apple tree (Rochleder, Sitz. Ber., 53, [ii.], 478 ; 54, [ii.], 609). It 
consists of a nearly colourless powder, the solution of which gives 
a green coloration with ferric chloride, and when boiled with dilute 
mineral acid the phlobaphene C 28 H 22 O u or C 28 H M O w . On fusion 
with alkali, phloroglucinol and protocatechuic acid are produced. 
V. also phyllcescitannin and Chestnut extract. 

Ipecacuanhic acid, C u H 18 07, was obtained by Willigt (Annalen, 
76, 345) from the roots of Fsychotria ipecacuanha (Stokes), and con¬ 
sists of a reddish-brown, bitter hygroscopic substance. Its solution 
gives a green coloration with ferric chloride. 

Japonic acid (see Catechu). 

Kino (see Kino). 

Larch tannin. —The bark of the larch, Larix europaea (DC.), 
contains considerable quantities of a tannin which was examined by 
Stenhouse (Phil. Mag., 23, 336). It forms an olive-green precipitate 
with ferric salts, and when boiled with dilute sulphuric acid a red 
phlobaphene is produced. 

Maktto tannin occurs in the bark of Eucalyptus occidentalis 
(Endl.) and other species of eucalyptus. According to Strauss and 
Geschwender (Zeitsch. angew. Chem., 1906, 19, 1x21) it possesses 
the formula (C 43 H 5() 0 2 o) 2 , and appears to be identical with quebracho 
tannin. Dekker (Arch. Norland., 1909, ii., 14, 50) prefers the 
formula (C 1B H 20 O 8 )„ and describes the acetyl derivative 

CssHasOiTAcio 

and benzoyl derivative C 1# H 28 0 12 Bz 8 . Heated with zinc-dust and 
Sodium hydroxide solution the tannin gives small quantities of gallic 
add and phloroglucinol, whereas dry distillation yields pyrogallol and 
traces of other phenols. Boiling dilute sulphuric acid forms 
“ maletto red,” Cj7Hjo0 2 j, from which the acetyl derivative 

C st H„O m Ac 14 


tan be obtained. 
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Mangrove tannin , C 2( H JS 0 12 .—This important tannin is derived 
from the Rhizofhora mangle (Linn.), R. mucronata (Lam.), Ctriops 
candolleana (Am.), C. roxburghiana (Am.), and other allied species. 

It is described as an amorphous red powder, which on fusion with 
alkali gives protoeatechuic acid, and with boiling dilute sulphuric acid 
the phlobaphene C,| 6 H (8 0 2i . The monacetyl derivative 

C«H 25 0 12 (C 2 H 3 0 ) 

melts at 205° (Nierenstein, Die Gerbstoffe). This tannin closely 
resembles in its properties catechutannic acid (see Catechu), and 
indeed mangrove cutch and catechu may be employed in many 
cases for the same purpose. Possibly these two substances are 
identical, and Procter (private communication) has isolated from * 
mangrove cutch a small quantity of a colourless crystalline substance 
resembling catechin. Perkin who examined an ethyl acetate extract 
of the fresh bark of the C. candolleana, prepared in Borneo, was 
unable to detect the presence of a catechin, but obtained the tannin 
as a pale yellow powder, which gave a green coloration with ferric 
chloride solution, and resembled catechutannic acid in many respects. 

Mimosa tannin is derived from various species of Mimoseae, such 
as the Acacia aralica (Willd.) of Egypt, the so-called “Wattles” of 
Australia, and numerous others. The tannin present is interesting 
in that though it possesses the reactions of a phlobatannin, such as 
phlobaphene production, precipitation by bromine water and solu¬ 
bility of its lead compound m acetic acid, etc., it gives a bluish-violet 
coloration with ferric chloride. Ammonium sulphide gives a pre¬ 
cipitate with a mimosa solution, when after removal of the excess by 
boiling, a few drops of sulphuric acid are added, followed by a small 
quantity of salt. All other phlobatannins, except Maletto and 
Pistaschia tannins, give no precipitate by this method (Stiansy, 
private communication). 

Moritannic acid, see Maclurin. 

Oxypinitannic acid, v. Pinitannic acid. 

Oak bark tannin or Quercitannic acid is found in the bark of the 
oak, and is not to be confused with the tannin of oak-wood from 
which it is distinct, and which is described below under the name 
of quercinic acid. In 1792 George Swayne communicated to the 
Society of Arts his results on the use of oak leaves in tanning 
(Trimble, “The Tannins,” ii., 51), and the subject was again dis¬ 
cussed by Berzelius in his Lehrbuch, 1827, and by Liebig (Handbuch 
der Chemie, 1843). Assumed at that time to be identical with the 
tannin of nut-galls (gallotannin), it was first shown by Stenhouse 
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(ran. wag., 22, 425) to differ from this substance. According to 
Grabowski (Sitz. Ber., 56, [ii.], 388), Oser (ibid., 72, [ii,], 178), 
Johanson (Arch. Pharm., [iii.], 9, 210), Bdttinger (Ber., 14, 1598), 
quercitannic acid is in reality a glucoside, but Etti (Ber., 14, 1826; 
Monatsh., 4, 512) found that the pure substance did not yield a 
trace of sugar. Various formulte have been assigned to this sub¬ 
stance, viz. Eckert (Jahres., 1864, 608), C 28 H 2a 0 2 o; Oser (Jahres., 
1875, 600), C 20 H 2 ,,O n ; Lowe (Zeitsch. anal. Chem., 20, 210), 
C 28 H sf ,Oi 5 ; Bdttinger (Ber., 1883, 16, 2712), C 15 H 12 0 9 , 2H 2 0* and 
Etti (Monatsh., 10, 650), and C 28 H 2 „ 0 2 . 

Quercitannic acid is described by Etti as a reddish-white powder 
almost insoluble in water. One of its most characteristic properties 
is the readiness with which it forms reddish-brown anhydrides when 
heated by itself or with dilute acids. Thus at 130—140° the first 
anhydride, C 31 H 30 O 17 , is produced, and this by heating with dilute 
sulphuric or hydrochloric acid gives the second anhydride, CjjHjgOu. 
Boiling dilute sulphuric acid again converts the original tannin into 
the third anhydride, 2C 17 H 16 O a —3H ,0 = C 3 ,H., r , 

These compounds are insoluble in water, but colour a solution of 
ferric chloride blue (?). Lowe (loc. cit.) again examined an anhydride, 
C 28 H 2 A 2 , and an “oak red," C 2S H 22 O n . Bottinger, who prepared 
the oak red from the tannin by means of dilute sulphuric acid, 
adopted the formula (C 14 H]|, 0 8 ) 2 > H 2 0 . Etti (Ber., 1884, 17, 1823) 
isolated from the bark of the Quercus fubescens (Willd.) a tannin 
CjoHjoOj, practically identical with the substance C,;H 1# 0 # previously 
found in the Q. robur (Linn.), but giving a green solution with ferric 
chloride, and not a blue, as formerly stated. 

When heated with dilute sulphuric acid at 130—140°, querci¬ 
tannic acid gives in addition to anyhydride 1-5 per cent, of gallic 
acid, and with strong hydrochloric acid at 150—180" the formation 
of oak red was accompanied by the evolution of methyl chloride 
(Etti, Monatsh., t, 274). On dry distillation it yields dimethyl - 
catechol and catechol, and on fusion with alkali protocatechuic acid, 
catechol, and phloroglucinol. 

By the action of bromine on the aqueous bark extract, Bdttinger 
(Ber., 1883, 16, 2710) obtained dibromqucrcitannicacid, Ci e H u Br 2 0 1( ), 
fts a yellow precipitate, and from this penta-acetyldibromquercitannic 
acid was prepared. Heated with hydrochloric acid at r8o°, methyl 
chloride was evolved, and by means of hydroxylamine hydrochloride 
the compound C u H u Br 2 NOie was produced. Reduced with sodium 
amalgam hydroquercinic acid, Ci S H l8 0 7 or C| B H 1# 0 8 , and hydro- 
quergalic acid, C h H h O,> are formed (Annalen, 263, 12x). When 
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suspended in chloroform and further brominated it yields tetra- 
bromdehyiroquercitannic acid. Quercitannic acid was thus C t «H,|Ou> 
contained five hydroxyls, and the group COCHj. 

According to Etti (Monatsh., 10, 647) a further investigation of 
the tannins C 17 H w O, and C 20 H 2 oO # has proved that they are not 
glucosides, but derivatives of a ketone acid, 

C t H 2 (OH) 3 . CO. C { H(OH) s COOH 

Trimble (“The Tannins,” 1894, ii., 77) carried out an elaborate 
investigation of the tannins present in the barks of the Qutrcus alba 
(Linn.), Q. coccinca (Wangenh.), Q. discolor (Ait.), Q.falcata (Michx.), 
Q. palustris (Du Roi), Q. prinus (Linn.), Q. bicolor (Willd.), 
Q. oblusiloba (Michx.), Q.pfullos (Linn.), Q. rubra (Linn.), Q. robur 
(Linn.), < 2 - semicarpifolia (Sm.), employing acetone for the purpose 
of extraction. The tannins in most cases had a pale yellow colour, 
gave with ferric chloride a green coloration, and practically identical 
results with all the usual tannin reagents. 

Heated with glycerol at 160°, the tannins of Q. tinctoria, 
Q. palustris, Q.falcata, and Q.phcllos yielded catechol, whereas with 
fused alkali the eight samples examined gave protocatechuic acid. 
Though all these compounds produce a violet colour on pine wood 
moistened with hydrochloric acid, phloroglucinol or other phenol 
was not detected among their decomposition products. Heated 
with 2 per cent, hydrochloric acid for two and a half hours, a phloba- 
phene separated, whereas the solution contained protocatechuic acid. 
Analyses of nine of these tannin preparations showed but little 
variation, the average being C => 5979; H » 5 08, and approxi¬ 
mately correspond with those of Etti (he. cit.) for the tannin CjoH !0 Oj 
■ from Q. pubescens, and of Kraemer (Amer. J. Pharm., 1890, 236) 
for the tannin of Q. alba. 

Oak wood tannin, Quercin, Quercic acid, Quercinic acid, CuH^Oj, 
aH a O, consists of a light brownish-yellow substance, and is dis¬ 
tinguished from the quercitannic acid of oak bark in that its aqueous 
solution gives a blue, not green, coloration with ferric chloride, and 
does not yield a precipitate with bromine water (Bettinger, Ber., 
1887, 20, 761). 

With the object of isolating the tannin in a pure condition, 
Bdttinger acetylated a purified extract of the wood, and decomposed 
the acetyl compound Ci 8 H 7 (C s H 3 0 ) 4 0 » by heating it with water at 
135°. By the action of sodium amalgam on the acetyl derivative, 
Bbttinger (Annalen, 263, no) obtained hydroqutreic acid, C u H|« 0 7 
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or CjjHuOj, qverlattont , C 4 H, 0 2 , and an acid which is probably tri- 
bydroxybutyric acid. 

Hydroquercic acid is a grey-brown, bitter hygroscopic powder, 
which forms the acetyl derivative Ci 5 H 1 ,(C s H 3 0 ) s 0 c , the barium salt 
(Ci 5 H 10 O 4 ) 2 Ba, and the lead salt (CuII^Oj^Pb. Querlactone, on 
the other hand, forms the salt (C 6 H 7 0 3 ) 2 Pb. As above noted, 
hydroquercinic acid could also be obtained in a similar manner from 
quercitannic acid. 

Etti (Monatsh., io, 647) isolated from the wood of the Slavonian 
oak a tannin C ls H u O s which appeared to be a ketonic compound. 
This is present in the wood in the form of a readily soluble salt 
(probably magnesium salt). Crystallised from alcohol, it forms 
brownish-red microscopic warty spherical masses, insoluble in water, 
and having the properties of a monobasic acid ( cf. Fuchs, Monatsh., 
9, 113s). With phenylhydrazine it gives the compound C 22 H M N ! 0 1 , 
forms a brown amorphous oxime C le H ls NO e , and with dilute sul¬ 
phuric acid at 120—130° yields gallic acid in addition to a red 
anhydride. Heated alone at 130—135°, or in a sealed tube with 
water at 100“, anhydrides are also produced, which on boiling with 
hydriodic acid evolve methyl iodide. On long digestion of the 
tannin C 14 H u O e with hydrochloric acid at xoo°, a methoxyl group 
is split off, with production of a yellow coloured acid C ls H 12 O s 
in which a methoxyl group is still present. This tannin is therefore 
probably the dimethyl ether of the ketonic acid formulated above. 

On boiling the tannin with dilute sulphuric acid, the anhydride 
C 12 H 24 O ie is produced, whilst on heating in a closed tube the 
anhydrides C 32 H 20 O h and Cj 2 H 1# 0 13 were obtained. 

The varied results of many of these workers with the oak tannins 
appear to be due, as suggested by Trimble, to the fact that in many 
cases they employed oak tannin extracts of doubtful authenticity. 
Thus it is possible that Etti, who in his earlier work describes the 
tannin as producing a blue coloration with ferric chloride, was in 
reality examining oak-wood and not oak-bark preparations, and again 
the peculiar insoluble property of certain of his tannins, also com¬ 
mented on by Trimble, suggests that in these cases he investigated 
an anhydride rather than the tannin itself. That oak barks contain 
a phlobatannin possessing a catechol nucleus appears to be certain 
from the investigations of Trimble, and it seems probable that in the 
wood either a pyrogallol tannin or a phlobatannin containing a pyro- 
gallol group is present. Though, as stated above by Etti in the 
case of the Slavonian oak, this yields phlobaphenes, Stiasny (private 
communication) considers that such is not usually the property of 
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oak-wood extracts. An interesting point, moreover, apparently not 
stkted in the literature, though well known to tanners, is that oak- 
wood extracts give some ellagic add, and on this account impart to 
leather the “ bloom ” so characteristic of this substance. . 

Oenotannin, C IS H lf 0 1(1 (?), was obtained by Gautier from red wine 
(Bull. Soc. chim., 1877, 27, 496), who describes it as a colourless 
substance readily soluble in water. It gives a green coloration with 
ferric chloride solution, by fusion with alkali protocatechuic acid and 
phloroglucin , and when exposed to moist air becomes converted into 
an insoluble red phlobaphene-like substance. According to Heise 
(Ber. Ref., 22, 823), oenotannin contains gallotannin and is a 
mixture of three compounds. 

Pistachia tannin is present in the leaves of the Pistacia lentiscus 
(Linn.) in addition to some quantity of a gallotannin (Perkin and 
Wood, Chem. Soc. Trans., 1898, 73, 378), and consists of a pale 
brown brittle mass which with iron alum solution gives a blue-black 
coloration. With boiling dilute sulphuric acid a phlobaphene quickly 
separates, and when fused with alkali, gallic acid and phloroglucinol 
are produced. 

Phyllascitannin is the name given by Rochleder to a tannin 
present in the small leaflets of the horse chestnut, as long as they 
remain enclosed in the buds (Zeitsch. fur Chem., 1867, 84). It is 
described as an amorphous red-brown substance of the formula 
C M H S1 0 13 , H 2 0 , having a strongly astringent taste. 

Pinicortannic acid and cortepinitannic acid occur in the bark of 
the Scotch fir, Pinas syhestris (Linn.), and can be separated owing 
to the fact that in aqueous solution the former only is precipitated 
by means of lead acetate. Pinicortannic acid forms a reddish-brown 
powder of .the composition (C w Hi 8 O n )2, H 2 0 , which after drying is 
sparingly soluble in water. It gives a green coloration with ferric 
chloride, and when boiled with dilute acids gives the phlobaphene 
C 4l H M O al (Kawalier, Sitz. Ber., 11, 361). 

Pinitannic acid and oxypinitannic acid occur in ihe needles of the 
Scotch fir, Pinus syhestris (Kawalier), and are distinguished from 
one another by the fact that the former only is precipitated by lead 
acetate solution. Pinitannic acid, according to Rochleder (Sitz. Ber., 
29, 60), also present in the Thuja occidentals, is a reddish-yellow 
substance which gives a red-brown coloration with ferric chloride 
and when boiled with dilute acids a sparingly soluble red product 
(phlobaphene). 

Oxypinitannic acid, on the other hand, yields a green solution 
with ferric chloride (Kawalier). 
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Quebracho tannin or QucbrachUannic acid, see Quebracho ”coi&'- 

RADO. 

Quinotannic acid or Cinchonatannic acid obtained from cinchona 
bark is a light yellow very hygroscopic substance, a solution of which 
gives a green precipitate with ferric salts. On digestion with boiling 
dilute sulphuric acid, it is converted into a sugar and cinchona red 
CjjHjjOn (Rembold, Annalen, 143, 270), and from the latter by 
fusion with alkali, protocatechuic and acetic acids are produced 
(Hlasiwetz, ibid., 143, 307). According to Schwarz (Sitz. Ber., 7, 
250), quinotannic acid has the composition C 14 H 14 0 j, whereas 
cinchona red is to be represented as 

Quinovatatmic acid, contained in the'bark of the Cinchona nova, 
in many respects resembles quinotannic acid (Hlasiwetz, Annalen, 79, 
229). With ferric chloride it gives a dark green coloration, and with 
boiling dilute acids quinova red CuHuOj is produced. On fusion 
with potash it yields protocatechuic acid. 

Rhamnotannic acid (so-called), present in buckthorn berries, is in 
reality not a tannin matter. 

Rhatany tannin , C 2 „H 2 i,O s , from the bark of rhatany root. 
Krameria triandra (Ruis and Pav.), (Willstein, Jahres., 1854, 656) is 
described by Raabe (ibid., 1880, ro6o) as a light yellow powder, 
readily soluble in water. Its solution gives with ferric chloride a 
green coloration. When heated with dilute acids it yields rhatany 
red, C 22 H 22 0 u, and a sugar (Grabowski, Annalen, 143, 274), whereas 
according to Raabe ( loc. cit.) no sugar is thus produced and the red 
substance possesses the composition C 20 H 18 O 8 . By dry distillation 
rhatany red yields catechol, and protocatechuic acid and phlorogtucinol 
when fused with alkali. 

Rheotannic acid or Rhubarb tannic acid, C 24 H 2(! 0 14 , derived from 
rhubarb, forms a yellowish-brown readily soluble powder, the solu¬ 
tion. of which gives with ferric chloride a black-green precipitate. 
With boiling dilute acids it gives rhcic acid (rheumic acid), C M H 14 0 # , 
and a fermentable sugar (Kubly, Zeitsch. fur Chem,, 1868, 308), al¬ 
though according to Tschirch and Neuberger (Schweiz, Wochenschr. 
Chem. Pharm., 1902, 282) in this manner rheum-red, QoHjjOjj, 
cinnamic acid, gallic acid, and sugar are produced. According to 
Gilson (Chem. Zentr., 1903, i., 722,882), two glucosides are present, 
glucogallin, CuHi ( 0 1( , t giving gallic acid and dextrose, and tetrarin, 
C„H k O m , from which rheosurin, C 14 H 12 0 2 , cinnamic acid, uni gallic 
acid can be produced. According to Krembs (Inaugural Diss., 
1903, Berne), a catechin is also present in rhubarb. 

Rhodotannic acid, 4ChHj 2 07, 3HjO, found in the leaves of Rhodo- 
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dendron ferrugineum (Linn.), is an amber-coloured substance which 
gives a green coloration with ferric chloride solution. Heated with 
dilute mineral acids, a reddish-yellow precipitate of Rhodoxanthin, 
C h H u O„, is produced (Schwarz, Sitz. Ber., 9, 298). 

Rubinic acid , v. Catechu. 

Rubitannic add , 2CuH 22 0i 2 + H 2 0 , was obtained by Willigt 
(Annalen, 82, 340) from the leaves of Rubin tinctorium (Linn.). It 
gives a green colour reaction with ferric chloride. 

Sequiatannic add, CgjHjoOio, was isolated from the cones of 
Sequoia gigantea (Torr), (California), by Heyl (Pharm. Zentr., 1901, 
42, 379) as a reddish-brown powder, soluble in water and yielding 
the salts MgC 21 If 1# 0 1(i and CaC n H 18 O t «. Boiled with dilute sul¬ 
phuric acid, a phlobaphene, gallic acid , and a sugar are produced. 
The hexa-acetyl, C 21 H H 0 M (C 2 H 3 0 ) fl , hexabenzoyl, CjiH u Oio(C 7 H 5 0 ) l , 
and bromine, C2 1 H 15 0 ll) fir Sl derivatives of this tannin are amorphous, 

Sorbitannic add, from the juice of the ripe berries of the mountain 
ash, Sorbus attcuparia (Linn.), forms a thick syrupy mass, which gives 
a green coloration with ferric chloride solution. It yields catechol on 
dry distillation, and pfotocatechuic acid and phloroglucinol when fused 
with alkali (Vincent and Dclachanal, Bull. Hoc. ehim., [ii.], 47, 492). 

Spruce-bark tannin, C 2] H 2l |O w (?) gives, according to Bottinger, 
an unstable bromo derivative C 2 iH u Br ti Oio. This reacts with hy- 
droxylamine hydrochloride, and with hydrochloric acid at 180—190° 
evolves methyl chloride. The penta-acetylpentabromo derivative 

C 2 iH 1( |Br 5 O w (C 2 HjO) 5 

was also prepared. With boiling dilute hydrochloric acid the tannin 
yields spruce red which gives the acetyl derivative 

C 42 H 27 (C 2 H 3 0 )Ar, 

and when suspended in chloroform and treated with bromine,the 
compound C 42 H 24 Br I0 O 17 (Bottinger, Ber., 17, >127). 

Strawberry-root contains a tannin fragarianin (Phipson, Jahres., 
1878, 891), the solution of which gives a green colour with ferric 
chloride. Boiling dilute hydrochloric acid forms glucose and a red 
substance fragiarin. On dry distillation the tannin gives traces, of 
catechol, and when fused with alkali protocatechuic add is produced. 

Tannecortepimc acid, C 2s H 1# 0 12 , according to Rochleder and 
Kawalier (Sitz. Ber., 29, 23), can be isolated from the bark of young 
Scotch firs collected in the spring time. Ferric chloride gives a 
green coloration and boiling dilute acid a phlobaphene in addition 
to a little sugar. 
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Tannopinic acid, C*HjoOu (?) is sometimes present in'tiie.needkA- 
of the Scotch fir gathered in the spring (Rochleder and Kawalitr). ih '' 
the winter time, oxypinitannic acid (he. cit.) appears to take itsplSce, 

Tea tannin is- probably identical with the quercitannic acid of 
*oak bark (Stenhouse, Phil. Mag., 23, 332 ; Rochleder, Annalen, 63, 
205; and Hlasiwetz and Malm, J. pr. Chem., [i.], 101, 109). 

Tormrntilla tannin, CjiiHjOu, from the root of Potentilla tor - 
mentilla (Neck.), is an amorphous reddish powder, which colours 
ferric chloride solution blue-green. Boiled with dilute acids it pro¬ 
duces tormentil-red without appreciable formation of sugar, and this 
appears to have the same composition as the tannin itself. With 
fused alkali phloroglucinol and protoeatechuic add are obtained. The 
root also contains a substance which yields ellagie add when boiled 
with potash solution (Rembold, Annalen, 145, 5). 

Virtdic acid, Ci 4 H a „On (?), which exists in coffee beans as a cal¬ 
cium salt (Rochleder, Annalen, 63, 197), is obtained by the air oxida¬ 
tion of an ammoniacal solution of caffetannic acid, and forms a brown 
amorphous mass, the alkaline solutions of which are green. The 
salts, Ba 2 C H H lf ,O n , PbC 14 H u , 0 K , and PbC u H u Oji, have been de¬ 
scribed (cf. also Vlaandcren and Mulder, Jabres., 1858, 26r). 

Willenv bark tannin. —The bark of Mix triamira (Linn.) con¬ 
tains a glucoside tannin which gives a green colour reaction with 
ferric chloride, and when boiled with dilute sulphuric acid a brown- 
red precipitate (Stenhouse, Proc. Roy. Soc., ir, 403; Johanson, 
Arch. Pharm., [iii.], 13, 103). 

Tannins are frequently accompanied in the plant by yellow colour¬ 
ing matters, and it has been pointed out by Perkin that a relationship 
is usually to be observed between these compounds in respect of the 
phenolic nuclei present in each. Thus catechu contains catechu- 
tannic acid and quercetin, both of which contain phloroglucinol and 
catechol groups, whereas both the cyanomaclurin and morin of Jak- 
wood ( Artocarpus integri/olia, Linn.) yield phloroglucinol and /S?- 
resorcylic acid. Again, in sumach (R. coriaria, Linn.), Pistaeia 
tentiscHS, Linn, (leaves) and Hirmatoxy/on campetuhiamm, Linn. 

' (leaves), a gallotannin and myricetin exist, both of which are pyro- 
gallol derivatives. 

Other similar instances of this relationship could be cited; and 
where a divergence of this rule at first sight seems evident, this is 
frequently more apparent than real, as in the case of Young Fustic 
(R. cotinus, Linn.), which is known to contain a gallotannin and 
* fisetin (catechol and phloroglucinol). From the reactions of the 
wood extract, however, catechol tannin must also be present. 
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Gall-nuts. 

These are morbid excrescences produced by the puncture of an 
insect called Cynips gallce-tinclorice upon the leaves and young twigs 
of certain kinds of oak trees, more especially those of Qutrcus 
infectoria (Oliver), Q. lusitanica (Lam.), growing in the East Indies, 
Persia, the Levant. If the fully developed nut be broken open it 
will be seen to contain a central cavity, in which the larva of the 
insect will be found. As a rule the galls are collected before the 
larvae are fully developed, and therefore before they have perforated 
the galls and escaped as mature insects. In this condition they con¬ 
tain the most tannic acid and are known as blue, black, or true nuts. 
The less valuable or perforated variety are larger and paler in colour 
and are known as white or false nuts. 

Aleppo galls are one of the best varieties on the market, and should 
contain from 50—60 per cent, of tannic acid. This same oak, the 
Quercus infecioria, also bears a large gall known as the Apple of 
Sodom, due to a different insect, which contains from 24—34 per 
cent, of tannin and has been used for tanning purposes. 

Other varieties are Smyrna galls, Austrian, and Hungarian galls, 
and of these the former are considered best. English oaks yield 
several species of galls and oak apples, which, however, are not of 
much value. 

Chinese galls are produced by the action of an insect termed the 
Aphis chincnsis on a species of sumach, Rhus semilata. These are 
hollow and possess very thin walls, but are much larger and more 
irregular in shape than the ordinary Aleppo variety, moreover, when 
freshly gathered, they are covered with a very fine down. They are 
much esteemed owing to their richness in tannin matter, of which 
frequently as much as 70 per cent, is present. On this account they 
are largely employed for the manufacture of tannic acid. 

Gall-nut extract is employed for mordanting purposes when very 
delicate shades are required. In addition to tannic acid, all varieties 
of gall-nuts appear to contain minute traces of ellagitannic acid. 

Chestnut Extract. 

The wood of the Spanish chestnut, Castanea vesca, though it 
contains only 3—6 per cent, of tannin, is the source of the much¬ 
valued chestnut extract. The bark contains more tannin than the 
wood (17 per cent.), but is not much used. The tree, which grows to 
from 60 to 80 feet in height, is abundant in Italy, the South of France, 
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and Corsica, where it forms immense forests, and it is also very 
common in America. 

Trimble (“ The Tannins "), who very carefully examined the tannin, 
obtained analytical data and reactions wliich indicated that it was 
identical, or nearly so, with gallotannin, but it is probable that this 
wood also contains traces of a catechol tannin, for a certain quantity 
of a red colouring matter is also present, which resembles in character 
a phlobaphene. Some writers have suggested that chestnut tannin 
is a methyl ether of ordinary gallotannin, but there is apparently no 
definite evidence in support of this theory. 

Chestnut is employed almost entirely in the form of extract, the 
strength of which varies, but usually contains from 26 to 32 percent, 
of tannin. 1'he extract is frequently decolorised, and some times 
mixed with quebracho extract and other materials. Chestnut tannin 
is the tannin which is most largely employed for the dyeing of silk. 
Castanea vs sea appears to be frequently confused with the horse- 
chestnut, .Escu/us hippocastanum. The tannin derived from this 
latter is, however,,of little or no practical value. 

Sumach. 

True sumach consists of the dried and usually powdered leaves 
of the genus Rhus (order Tcr,builha-u:), and is useful for tanning 
the finer kinds of leather, and also in dyeing and calico printing on 
account of the tannin matter present in it. 

Sicilian sumach, the variety most esteemed in this country and 
throughout Europe, consists of the leaves of the Rhus coriaria 
(Linn.), a shrubby bush cultivated to a large extent in Sicily, where 
the sumach industry is of considerable importance. When the plant 
is about to flower the younger twigs are removed, dried in the sun, 
and subsequently beaten to remove the leaves and flower panicles. 
The sumach is imported sometimes in leaves, but more often in the 
form of powder, and should contain about 25 per cent, of tannin, al¬ 
though as much as from 27—32 per cent, may occasionally be found. 

According to Ldwe (Zeitsch. anal. Chem., 12, 128), the tannin 
matter present, C u H I0 O 8 , is ordinary gallotannin; indeed it is well 
known that when an aqueous extract of the sumach is boiled with 
dilute sulphuric acid, considerable quantities of gallic acid are 
produced. On the other hand, Strauss and Geschwender (Zeitsch. 
angew. Chem., igo 6 , 1121), who isolated the tannin according to 
Ldwe’s instructions, detected the presence of a methoxy group, and 
suggest the formula C^H^On. OMe. 

Sicilian sumach contains also a trace of an ellagitannin and 

453 



THE NATURAL ORGANIC COLOURING MATTERS 

myricetin, Ci 5 H w 0 8 , to the extent of about 0T173 per cent. (Perkin 
and Allen, Chem. Soc. Trans., 1896, 69, 1299), the latter colouring 
matter having been previously mistaken by Lowe (Zeitsch. anal. 
Chem., 1874, 12, 127) for quercetin. 

Considerable quantities of sand and sometimes particles of 
magnetic iron ore, which cause black stains, are often to be found 
in sumach (Procter, “ Principles of Leather Manufacture,” 1903, 271); 
(compare also Trotman, J. Soc. Chem. Ind., 1904); and it is fre¬ 
quently highly adulterated in the ground condition with the leaves 
and twigs of various plants. Of these, the Pistacia lentiscus (Linn.) 
(“ schinia " or “ skens ”), Coriaria myrtifolia (Linn.), (French sumach 
or “stinco"), Tamarix afncana (Poir.) (brusca), Tamarix galliot 
(Linn.), AUant/ms ghmdulosa (Desf.), Ficus carica (Linn.), Vi'/is 
vini/era (Linn.), other species of the Rhus family and also the 
ground branches (“gambuzza,” “gammuzza”) of the Rhus coriaria 
itself, are known to be employed. These sumach adulterants also 
contain tannin matters, but for tanning and dyeing purposes are as a 
rule much inferior to sumach itself. 

The Pislacia lentiscus (Linn.), (mastic tree), a small tree about 
20 feet high with evergreen leaves, grows abundantly in Cyprus. 
The leaves of this plant constitute the most important sumach 
adulterant, and about 10,000 tons are said to be exported from 
Tunis to Sicily annually and re-exported thence (as sumach?). 
According to Procter (he. at.) the leaves contain 12—19 per cent, 
of a catechol tannin. A good plump leather can be obtained from 
this material, but of a faintly reddish tint, the result being inter¬ 
mediate in character between those which are given by oak bark and 
sumach. Its presence in sumach is to be deprecated, and in many 
cases leads to injurious resutts. A considerable quantity, however, 
is consumed at Lyons in France as an assistant dyeing material for 
silk stuffs. 

According to Perkin and Wood (Chem. Soc. Trans., 1898, 73, 
374), these leaves contain a tannin closely allied .0, if not identical 
with, ordinary gallotannic acid, as when an aqueous extract is boiled 
with dilute sulphuric acid a considerable quantity of gallic acid is 
produced. A second tannin or tannin glucoside is also present 
which, although possessing the general characteristics of the so- 
called “catechol” tannins in that it yields a red phlobaphene, and 
as noted by Procter, a reddish-coloured leather, gives, by fusion with 
alkali, gallic act)! and phloroglucinol. 

In addition to these tannins, myricetin (probably as glucoside) 
CisH w O # is also present to the extent of about o-rs per cent. 
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Tamarix africana (Poir.) is a small shrub or tree characterised 
by its twiggy branches and minute scale-like leaves. The small 
twigs are collected in Tunis and imported into Sicily for the adultera¬ 
tion of sumach (Procter). 

’ According to Perkin and Wood (loc. (it .) the leaves contain a 
tannin probably identical with gallotannin, in addition to a small 
quantity of an ellagitannin. A trace of yellow colouring matter is 
also present and consists of a i/ucrectin. md/iytether, C la HjjOj. 

The Tamarix gallica (Linn.) closely resembles in appearance the 
Tamarix afruana and flourishes in Cyprus, where the latter is not 
found. According to Procter, it contains 8q per cent, of tannin 
matter. 

Ailanthus glamluhsti (Desf.) is a tree of large size and handsome 
appearance, native of India and China, but common on the Continent. 
The leaves contain 11 -2 percent, of tannin matter (Procter), and 
this resembles gallotannin, although a trace of an ellagitannin is also 
present (Perkin and Wood). Curiously enough, although so high a 
percentage of tannin is present, leather is scarcely tanned by an ex¬ 
tract of these leaves, hut is merely stained a dull dirty colour. This 
material is therefore of little use for tanning purposes, and as an 
adulterant of sumach exerts a deleterious influence. A small 
quantity of quercetin can be isolated from the leaves. 

The leaves of the Tins carin (Linn.) (common fig tree) contain 
i '6 per cent, of tannin (Procter) and a trace of a yellow colouring 
matter (Perkin and Wood). Skin is untanned by an extract of these 
leaves, but acquires, during the process, a dirty olive lint. 

Gambueza consists of the small stalks branching from the main 
root of the Thus coriaria (Linn.), which are ground to powder and 
mixed with sumach. The material contains some quantity of a tannin 
resembling gallotannin, together with a trace of myricetin. 

Attempts to detect the presence of these adulterants in sumach 
by chemical methods have not given satisfactory results, but should 
a prolonged boiling of the extract with dilute sulphuric acid cause 
the gradual precipitation of phlobaphene, the presence of the leaves 
of the Pistacia Untiscus may be suspected. 

More satisfactory results can be obtained by microscopical 
examination, and an elaborate work on this subject has been carried 
out by Andreasch (“ Sicilianischer Sumach und seiner Verfalschung," 
Wien, 1898); the book, however, is unsuitable for abstraction. A 
useful method, now generally adopted by leather trades chemists, 
has been devised by Lamb and Harrison (J. Soc, Dyers, 1899, 14, 
60), and is based upon the behaviour of the leaf mixture with warm 
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nitric acid. Under such treatment, the more delicate leaf structure 
of sumach itself is completely destroyed, whereas the strong cuticles 
of Pistachio, lentiscus , Coriaria myrtifolia, Tamarix a/ricana, and 
Ailanthus glandulosa are unaffected and can then be readily recog¬ 
nised (compare also Lamb, ibid., 1904, 20, 265). Again, the leaves 
of the R. coriaria are very easily distinguished from those of other 
plants employed for their adulteration, in that both upper and lower 
cuticles arc covered with a dense growth of hairs (Priestman, J. Soc. 
Chera. Ind., 1905, 24, 231). 

Venetian sumach or Turkish sumach consists of the leaves of the 
Rhus cotinus (Linn.), a small tree, the wood of which constitutes 
the yellow dyestuff known as “Young Fustic”. The material con-, 
tains about 17 per cent, of tannin, which resembles ordinary gallo- 
tannin, together with a trace of an ellagitannin. The presence of 
myricetin, Ci5H 4 0 2 (0H) s , in these leaves is interesting, in view of 
the fact that in the wood itself, fisetin, C 15 H s 0 2 ( 0 H) 4 , is present 
(Perkin, Chem. Soc. Trans., 1898, 73, 1016). 

American sumach.—The leaves of numerous varieties of Rhus are 
employed in the United States for tanning and dyeing purposes, 
and of these the R. glabra (Linn.) very largely takes the place of 
Sicilian sumach. It contains about 25 per cent, of a tannin closely 
resembling gallotannin, but produces a leather of very much darker 
colour than the Sicilian product. 

Of the other varieties, R. typhina (Linn.) or “ Virginian sumach " 
(10—18 per cent.), R. cotinoides (Nutt.) (21 per cent.), R. semiala/a 
(Murr.) (s per cent.), R. aromatica (Ait.) (13 per cent.) (Procter), 
R. me/opium (Linn.) (about 8-2 per cent, of tannin, probably gallo¬ 
tannin, together with traces of both quercetin and myricetin), (Perkin, 
Chem. Soc. Trans., 1900, 77, 427), R. copallina (Linn.), R. pumila 
(Michx.), and R. toxicodendron (Linn.), are to be found in the 
States. Among these, R. glabra and R. copallina are considered to 
be worthy of extended cultivation. 

In India, numerous species of the genus Rhus are known to exist 
(Watt’s Dictionary, “ Economic Products of India ”), and again in 
Algeria the R. pentaphylla (Desk) is used by the Arabs for tanning 
goat-skins. Finally, the Anaphrenium argenteum (E. Mey), (R, 
thunbergii) (Cape of Good Hope), 28 per cent, of tannin (bark), 
probably of the catechol class (Procter), and the Rhodosphaera rho- 
danthema (Engl.) ( Rhus rhodauthema) (New South Wales), 9'5 per 
cent, of tannin (leaves), resembling gallotannin, are worthy of men¬ 
tion. The latter plant, also known as the “yellow cedar," closely 
resembles the R. cotinus, and it is interesting to note that although 
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the wood of this tree contains fisetin, C 1S H 4 0 S ( 0 H) 4 , the colouring 
matter of the leaves is quercetin, Ci S HjOa(OH)j, (Perkin Cbem. Soc. 
Trans., 1898, 73, roi7). 

French sumach is derived from the Coriaria myrti/olia (Linn.), a 
low deciduous shrub, native of Southern Europe, and has been re¬ 
ferred to above as an adulterant of Silician sumach. In addition to 
tannin (15-6 per cant., Procter), which consists probably of ordinary 
gallotannin together with a little ellagitannin, it contains the poison¬ 
ous glucoside coriamyrtin (Riban, Chem. Zeit., 1867, 663) and a 
trace of quercetin (Perkin, Chem. Soc. Trans., 1900, 77, 428). Ac¬ 
cording to Procter, the colour of leather tanned by these leaves is 
very satisfactory and practically equal to that produced by genuine 
sumach (R. coriaria). It is also employed in black dyeing. 

Cape sumach consists of the leaves of the Colpoon compressum 
(Berg.) ( Osyris compressa, Fusanus compressus, Thesium co/poon), and 
is much used in South Africa under the name of “ Pruimbast 
The bush is found in the mountains, where it grows to the height of 
about 6 feet, and only the younger leaves are gathered. These 
leaves contain about 23 per cent, of tannin (Procter), which has been 
isolated as a hygroscopic transparent glassy mass and is probably 
a phlobatannin glucoside. With boiling dilute acid, a reddish- 
brown phlobaphene gradually separates, and on fusion with alkali 
protocatechuic acid is produced (Perkin, Chem. Soc. Trans., 1897, 
71, 113s). In addition to tannin there is also present a considerable 
quantity of the quercetin glucoside Rutin (Osyritrin) (Chem. Soc, 
Trans., i9to, 98, 1776). According to Procter, this material forms 
a useful substitute for Sicilian sumach. 

In lieu of the Colpoon compressum , a tanning agent known as 
“ broach leaves " (botanical origin lacking) appears to be consider¬ 
ably employed in South Africa. It contains about 19'9 per cent, of 
tannin of the so-called “ catechol ” variety, together with traces of 
both quercetin and myricetin (Chem. Soc. Trans., 1898, 73, 384). 

Russian sumach consists of the leaves of the Arctostaphylos uvu- 
ursi (Spreng.) (Bearberry), and is said to contain about 14 per cent, 
of tannin, which, according to Perkin (Chem. Soc. Trans., 1900, 77, 
474), consists of a gallotannin together with traces of an ellagitannin. 
Minute amounts of both quercetin and myricetin have been isolated 
from this material. 

Considerable quantities of “ sumach extract ” are now manufac¬ 
tured for dyeing and tanning purposes from genuine Sicilian sumach, 
and this is usually found on the market as a brown treacly liquid of 
about 52° Tw. So-called decolorised extracts are also prepared to 
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compete with ordinary tannic acid, and for this purpose the addition 
of blood albumen to the dilute extract at about 48°, then raising the 
temperature to 70°, and subsequently filter-pressing, gives the most 
satisfactory results. Sulphurous acid again is employed to brighten 
the colour of extracts, and acts partly as a weak acid in decomposing 
the inorganic salts of the tannin or colouring matter and partly as a 
reducing agent. In this case it is usual to pass sulphur dioxide 
through the liquor before concentration (Procter). 


Myrouai.ans. 

This very important tanning material consists of the fruit or nuts 
of the Terminalia chelmla , a tree of from 40—50 feet high, which 
grows in China and the East Indies. These nuts, which resemble a 
somewhat shrivelled plum, contain from 30—40 per cent, of tannin, 
the unripe fruit containing the largest amount. They should be 
bright in colour, and not soft, and require to he kept in a dry place, 
otherwise they absorb moisture and are then difficult to grind. The 
tannin present consists of a gallotannin, which is at least in part 
chebuhnic acid, together with a fairly large amount of ellagitannin, 
and this, owing to fermentation and other causes, is decomposed to 
some extent during lixiviation into ellagic acid. Myrobalans from the 
dyer’s point of view is one of the most serviceable tannin materials at 
the present time. Enormous quantities of its extract, especially as 
purified or decolorised extracts, are manufactured, and these are em¬ 
ployed for cotton dyeing, in the black dyeing of silk, and in tanning. 

Vai.onia. 

Valonia (Vahmie, Fr.; Valonet1, Ackadoppen, Orientalische 
Knoppern (Ger.)), an important tanning material, is the acorn cup 
of certain species of oak, usually Quercus atgilops (Linn.), and prob¬ 
ably Q. macrolepsis ,, Q. graeca, Q. u/igeri, and Q. coccifera (Linn). 
The former is most prolific in the highlands of Morea, Roumelia, 
Greek Archipelago, Asia Minor, and Palestine, whereas the Q. macro- 
/tpsis forms great forests in Greece. These acorn cups have a dia¬ 
meter up to about i| inches, and in good condition possess a 
bright colour. 

The fruit ripens in Asia Minor about J uly or August, and the 
trees are then shaken, and the material left on the ground to dry; 
this is subsequently collected into heaps, and allowed to ferment for 
some weeks, until the acorn contracts and falls from the cup. The 
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acorn, which contains but.little tannin, is employed for feeding pur¬ 
poses. '* 

In Greece distinct qualities of valonia are kpown, the best 
[chamada) collected about April before the fruit is ripe, a second 
( rhabJisto) in September or October, and a third little-used inferior 
variety ( charcala). 

Smyrna valonia may contain 40 per cent., Greek 19—30, and 
Candia valonia 41 percent, of tannin matter, which consists of a 
mixture of a gallotannin and an ellagitannin. Valonia is, indeed, 
an excellent source for the preparation of ellagic acid, because it so 
readily yields a product easy to purify. Extract of valonia frequently 
undergoes fermentation with deposition of ellagic acid, and to avoid 
this the employment of antiseptics is to be recommended. 

Valonia is especially suited for the manufacture of sole leather, 
and together with gambier and other materials for dressing leather, 
but is little employed foi dyeing purposes ( cf. Procter, " Principles of 
Leather Manufacture,” 259). 


Divi-divi. 

Divi-divi consists of the dried pods of the Caesalpinia coriaria 
(Willd.), a tree 20 —30 feet high, found in the West Indies and 
Central America. The pods are about 3 inches long and f inch 
broad, are very thin, and frequently resemble in shape the letter S. 
From 40—45 per cent, of tannin is present, which consists of ellagi¬ 
tannin and probably also a gallotannin. Extracts of this material have 
a somewhat unfortunate tendency to ferment, with simultaneous 
development of a deep-red colouring matter; but this can be pre¬ 
vented to some extent by the use of antiseptics. Divi-divi is largely 
imported for the preparation of leather, and is also employed for 
black dyeing, but its use is far more limited in this latter respect than 
myrobalans. 


Ai.garoiiiu.v. 

Algarobilla consists of the pods of the Caesalpinia brevifolia of 
Chili. The tannin appears to consist principally of ellagitannin, and 
this lies in resinous particles loosely attached to the somewhat open 
framework of the fibre. It is one of the strongest tannin, matters 
known, and contains on the average 45 per cent. In character it 
resembles divi-divi, its extract being somewhat liable to fermentation. 
It is very suitable for tanning and also for dyeing purposes. 
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Quebracho Colorado, s 

The Quebracho Colorado are anacardinaceous trees belonging to 
the genus Qucbrachia, growing in the northern part of the Argentine 
Republic, the wood of which constitutes the well-known tannin sub¬ 
stance “quebracho". It is imported into this country in the form 
of logs and is employed for tanning, either in the chipped condition 
or in the form of extract. Their wood is extremely hard, as the 
name “quebracho" (axe-breaker) denotes, and its specific gravity 
varies from 12 7—138. 

Jean (Bull. Soc. chim., 1880, 33, 6) found that it contained 
157 per cent, of a tannic acid, not identical with that of oak bark or 
chestnut wood, whereas Procter (“Leather Manufacture,’’ 1903, 269) 
estimates it to contain about 20 per cent, of a tannin yielding reds 
(phlobaphene), and containing catechol and phloroglucinol nuclei. 
This tannin is somewhat sparingly soluble in water and can only be 
used in weak liquors, but gives a firm reddish leather. 

In order to isolate the tannin, Strauss and Geschwender (Zeitsch. 
angew. Chem,, 1906, 19, 1121) extract the bark first with chloroform 
and then with alcohol. Addition of water to the alcoholic extract 
causes the separation of phlobaphenes, and front the clear liquid 
concentrated in a vacuum the tannin is precipitated by lead acetate, 
the lead salt being collected, suspended in water and decomposed 
with sulphuretted hydrogen. The resulting solution is evaporated 
to dryness, the residue dissolved in alcohol and poured into ether. 
Thus obtained it consists of a light flaky mass, which is hygroscopic 
and becomes sticky on exposure to moist air. 

According to Arata (Jean, Bull. Soc. chim., 1879, 306) quebracho 
tannin, C M H S , 0 U1 , gives catechol on dry distillation, with nitric acid 
oxalic and picric acids, by fusion with alkali phloroglucinol and proto- 
catechuic acid, whereas, by the latter method, Nierenstein isolated also 
hydroquinone and resorcinol (Collegium, 1905, 65). According to the 
latter author, the quebracho Colorado probably contains three tannins. 
By treating a cold aqueous extract of the quebracho Colorado with 
bromine, Bbttinger (Ber., 17, 1123) obtained a reddish-yellow com¬ 
pound containing 42'!—44 5 per cent, of bromine. Nierenstein, 
who isolated the tannin according to Trimble’s method (“The 
Tannins”), treated the solution with lead acetate, filtered, and on 
adding bromine to the clear liquid obtained a precipitate of mono- 
bromoquebrachotannin, C, s H 14 Br 0 8 , which consists of a cinnabar red 
powder, and on digestion with alcoholic potash gives iso vanillic acid 
and monobromoquebrachylie acid needles, melting-point 119—110’. 
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Strauss and Geschwender ( loc. cit.) consider that quebracho 
tannin is identical with malettotannin, and with the tannin from 
cinchona bark, and ascribe to it the formula [C (1 H u O is(OMe)j]j. 
With a mixture of acetic anhydride and acetic acid an acetyl com¬ 
pound, (CjoH 2s OiiAc s ) s , colourless powder, is produced, and a corre¬ 
sponding bemoyl derivative, (C M H 22 0 11 B;',,) 2 , can also be prepared. 

Quebracho phlobaphene, on distillation with zinc-dust, yields 
anthracene (Nierenstein, Ber., 1907, 40, 4575). 

According to Arnaudon the wood contains a colouring matter 
which gives a fine yellow dye, and this has been examined by Perkin 
and Gunnell (Chem. Soc. Trans., 1896, 69, 1304), and found to be 
identical with fisetin, the colouring matter of young fustic. This 
compound, which appears to exist in the wood as gluroside, gives on 
fusion with alkali protocatechuic acid and resorcinol, and may account 
for the appearance of the latter phenol among the hydrolytic pro¬ 
ducts of the crude tannin itself. According to Perkin and Gunnell, 
when an extract of the quebracho Colorado is digested with boiling 
dilute acid a small quantity of ellagu acid is obtained. 

In addition to the tannins above described, the quebracho Colo¬ 
rado is the source of the so-called “ quebracho resin,’’ which collects 
as a thickened juice in the crevices of the tree. It has been examined 
by Arata (Chem. Soc. Abstr., 1878, 984), who states that it is easily 
soluble in alcohol or ethyl acetate, insoluble in benzene. By fusion 
with alkali it gives protocatechuic acid (?) and ph/orog/ucin, and by the 
action of nitric acid, oxalic and picric acids are produced. 

A considerable amount of the tannin contained by the quebracho 
Colorado is of a sparingly soluble nature, and is deposited to some 
extent from a hot aqueous extract on cooling. This product may be 
rendered soluble by treatment with alkalis or alkaline sulphites, and a 
large quantity of the so-called “soluble ’’ quebracho extracts are pre¬ 
pared by heating the material in closed vessels with bisulphites, sul¬ 
phites, sulphides, or even caustic alkalis (Lepetit, Dollfus and Gansser, 
Eng. Pat., r896, 8582 ; cf. Procter, “ Leather Manufacture," 338). 



CHAPTER XIV. 


COUMARANE GROUP. 


Catechu or Cutch—Cyanomaclurin—Kino. 
Leuco-benzoyl-coumarane— 

/\/°\CH,, 

c«h 4 —ch . on —i. j.(j H „ 


according to v. Kostanecki and his co-workers is probably the mother 
substance of the eatechin present in Gambler catechu, though the 
correctness of this view has not yet been fully established. Coumar- 
nne or hydro-enumarmte , the inner anhydride of a-hydroxyphenyl-ethyl 
alcohol— 

/OH 

c„h/ 

'CHj . CH«. OH 


was first prepared by Alexander (Ber., 1892, 25, 2409) by reducing 
coumarone in alcoholic solution with sodium— 

QH/ ° \cH C ( H,<" ° \CH 2 
X CH,/ 

Coumarone. Coumarane. 


It forms a colourless oil, boiling-point 188—189°, and gives in sul¬ 
phuric acid solution by addition of ferric chloride a violet coloration. 
Stoermer and Gbhl (Ber., 1903, 36, 2873) have obtained coumgrane 
and its homologues by the action of sodium on o-bromo-phenol 
brom-ethyl esters according to the following equation:— 


/\/ 0 \CH ; 

fl I +Na 2 

i^/'Br CHjBr 


/\/°\CH, 
-CH, 


+ 2NaBr 


462 ■ 



COUMARANE GROUP 


By the interaction of coumarane and benzoyl chloride in the presence 
of aluminium chloride, 4 benzoyl-coumarane colourless crystals, 
melting-point 44°— 

/\- /0 \ch 2 
C.H.-CO-l^- Ch 2 

is produced (v. Kostanecki, Lampe and Marschalk, Ber., 1907, 46, 
3660), and when reduced in alcoholic solution, the leuco-benzoyl- 
coumarane above referred to is obtained. 

Catechu or Cuich. 

There are several varieties of catechu or cutch bearing different 
names according to the country or plants from which they are 
obtained. The following are those principally employed by dyers 
and tanners : Gambier catechu, Bengal or Acacia catechu, Bombay 
or Areca catechu, and Mangrove cutch. 

Although catechu has perhaps received greater attention than 
other natural dyes, the results have been so vaiied that the chemistry 
of the subject was until recently in a most unsatisfactory condition. 
Some confusion has arisen from the non-appreciation of the fact that 
the main constituents of gambier and Acacia catechu are not identical, 
and some uncertainty has also apparently existed as to the botanical 
origin of the commercial varieties. Bombay catechu is, for instance, 
occasionally referred to as originating from the Acacia catechu , and 
Bengal catechu from the Areca catechu (Linn.); and in many cases, 
at the present time, it is impossible to ascertain the botanical deriva¬ 
tion of commercial brown cutch preparations. 

Gambier catechu. —Gambier, yellow cutch, cubical cutch, cube 
gambier, or terra japonica, is obtained from the Uncaria gambier. 
an extensive scandent bush which is met with, both wild and culti¬ 
vated, in Malacca, Penang, and Singapore. The catechu is isolated 
by extracting the leaves and twigs with hot water until the liquid 
becomes syrupy, the insoluble matter being removed from time to 
time by means of a strainer. On cooling, the pasty mass is cut into 
cubes with sides 1 inch in length and dried on bamboo trays. 

Catechin , Ci 6 H 14 0,i, 4H a O, the crystalline principle, was first 
described by Nees van Esenbeck (Annalen, 1832, 1, 243), was sub¬ 
sequently examined by Berzelius in 1837 (Jahres., 14, 235), and more 
recently by numerous chemists. To isolate catechin, Lowe (Zeitsch. 
anal. Chem., 13, 113) devised the following method: catechu is 
washed with cold water to remove catechutannic acid, well pressed, 
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allowed to dry, and dissolved in hot acetic ester. The filtered 
solution is evaporated and the residue crystallised from hot water. 

According to Perkin and Yoshitake (Chem. Soc. Trans., 1902, 
8r, 1162), a combination of this method and that of Berzelius ( loc. 
at.) gives good results. 

The finely powdered catechu is extracted with to times its weight 
of boiling ethyl acetate, the solution is evaporated, and the residue 
crystallised from 10 times its weight of water. The product is again 
dissolved in boiling water, and lead acetate solution added, drop by 
drop, until a coloured precipitate is no longer formed, and the filtrate 
is almost colourless; the latter, while hot, is treated with sulphuretted 
hydrogen, the lead sulphide removed, and the crystals, which separate 
on cooling, are collected, washed, and allowed to dry at the ordinary 
temperature. The substance is now practically colourless, and the 
yield greater than if the purification had been effected by frequent 
crystallisation from water. 

The formulae which have been assigned to catechin are very 
numerous, and it has only recently been shown by v. Kostanecki and 
Tambor (Ber., 1902, 35, 1867), and simultaneously by Perkin and 
Yoshitake [lac. cit.), that it is correctly represented as 

(-15H1A1, 4! PO 

Catechin forms colourless needles, and when crystallised from 
water the air-dry product melts at 96° (Clauser, Ber., ^03, 36, tor). 
After standing over sulphuric acid, it possesses the formula 

C.AiA, H a O, 

and melts at 176—177°, and this is also the melting-point of the 
anhydrous substance. Catechin is readily soluble in boiling water 
and cold alcohol, and gives with lead acetate solution a colourless 
precipitate, and with ferric chloride a deep green liquid. With pine 
wood and hydrochloric acid, it gives the phioroglucinol reaction. 

On fusion with alkali, protocatechuic acid , phlorogucinol, and prob¬ 
ably acetic acid are produced, and it is interesting to note that 
catechu has been considerably employed for the commercial prepara¬ 
tion of the former compound. 

Schiitzenberger and Rack (Bull. Soc. chim., 4, 6) have described 
a dibenzoylcatechin; and Liebermann and Tauchert (Ber., 1880,13, 
695), diacetyl catechin, diacetyl dichlorcatechin, and diacetyl dibrom- 
catechin; but their formulae for these compounds are now known to 
be incorrect. 

Ptnta-aceiyl-cateckin , C ls H s 0 # {C|H, 0 ) s , colourless needles, 
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melting-point 134—125° (v. Kostanecki and Tambor); pentahemoyl 
catechin , C 1 s H 9 0<i(C7H s 0) { , colourless needles, melting-point 151 
—iS 3 °; tetrabemoyl-catechin, C 15 H M 0 fl (C 7 H 5 0 ) 4 , prisms, melting- 
point 171—172° (Perkin and Yoshitake); disatobenzene-catechin , 
salmon-red needles, melting-point 193—195° 
(Etti, Perkin and Yoshitake); acety/disazobensene-calerhin, orange-red 
needles, melting-point 253—255° (Perkin and Yoshitake); catechin 
tetramethylether, (.' r ,H Ul 02(OCH 3 ) 4l needles, melting-point 144—146° 
(v. Kostanecki and Tambor); acetyl-catechin tetramethylether , 

C 1s HA(OCH 3 ),C 4 H 3 0, 

needles, melting-point 92—93°; and catechin faitamethylether, 
C 15 H|,0(0CH3) 5 (v. Kostanecki and Tambor), have been prepared. 

When catechin tetramethylether, suspended in water, is oxidised 
with potassium permanganate, it gives vcra/ric add , and most prob¬ 
ably phloiog/ucino! dimethykther (Chem. Soc. Trans., 1905, 87). 
As the result of this investigation, Perkin considered that catechin 
was possibly a reduction product of quercetin— 

OH 

OH/V 0 N| H 

\Ach/ ch - oh 

OH 


“0 


\ 


OH OH 


CH- 

1 

/CH 2 


OH 

O 


and indeed a small quantity of the latter colouring matter is present 
in catechu (LOwe, Perkin, ibid., 71, r 135)- 

More recently v. Kostanecki and Lampe (Per., 1906, 39, 4007) 
have shown that when catechin tetramethylether is brominated in 
the presence of sunlight, only a monohromcatechin tetramethylether , 
melting-point 173—174°, is produced, whereas the above constitu¬ 
tional formulae require the formation of a dibromo compound. 
When oxidised with permanganate, bromcatechin tetramethylether 
gives veratric acid, so that the bromine must have replaced one 
hydrogen of the phloroglucinol nucleus. When alcoholic solutions 
of catechin-tetraraethylether and of iodine and iodic acid are mixed, 
long colourless needles of iodocatechin-tctramethyUther separate after 
a few hours— 
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a m hyY°t 

MeO^-C-*^-CH 2 

I.. I 


melting-point 192—193° C.; this yields an acetyl derivative, C 21 H S3 0 ;I, 
melting-point 189” C. 

Iodocatechin-tetramethylether when treated with zinc-dust and 
atoli yields the original catechin-tetramethylether, this elimination 
of iodine being also noticed with other members of the maclurin type 
(v. Kostanecki and Lampe, Ber., 1907, 40, 4910). v. Kostanecki 
and Lampe have assigned the following constitution to catechin:— 

hoA h °A °\ 

HoW—CH(OH)— 

OH 

and this is in harmony with many of the properties of this sub¬ 
stance. When catechin tetramethylether is oxidised with chromic 
acid, catechone trimethykther, orange-yellow needles, melting-point 
210 0 , is produced (v. Kostanecki and Tambor)— 

0 

ch 3 o A CH 3 o/y 0 V H 

CHjOl J—CH(OH)—M—CHj 

II 

0 

whereas catechin pentamethylether gives the tetramethyl compound— 

0 

CH 3 0A CH 3 oA/ 0 \ CH 

CH(OCH r )——CHj 7 

II 

0 


and this behaviour is analogous to that of leucomaclurin pentamethyl¬ 
ether (see Maclurin). 

Acetyl catechone by reduction with zinc-dust and glacial acetic 
acid, and hydrolysis of the product, gives hydroxy-catechin, yellow 
needles, melting at 284—285° C.— 
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OH 

HO-A » ho/V^ch, 
tm oh ' ' 

The hexamethyiether has melting-point 102'' C. (Nierenstein, An- 
nalen, 1903, 396, 194). 

When catechone trimethylether is nitrated, a mononitro deriva¬ 
tive (1)— 

O 

" 0 

CH,oA-NO, CH,o/V W 
CH i O\z , -CH(OH)-I^I-Ch/ 

II 

0 

(,) ch ! oAno 1 
CH a O\ J—COOH 

melting-point 141”, is obtained, and on oxidation yields nitroveratric 
acid (2), Finally, by the reduction of catechin tetramethylether 
with sodium and alcohol, an oil is produced which, on treatment 
with methyl sulphate, gives penUimtthoxyethyldiphenylmethane — 



a reaction which points apparently to the presence of the cumaran 
ring in catechin. 

Ryan and Walsh (Proc. Roy. Dub. Soc., 1916, 15, 113) have 
attempted to decide between the chroman structure of Perkin and 
Yoshitake and the coumaran formula of v. Kostanecki and Lampe. 
To this end they have synthesised 2:416:3': 4'-penta-methoxy- 
3-ethyl-diphenyl-methane, in order to ascertain whether this was 
identical with the deoxy-hydro-catechin-penta-methyl-ether obtained 
from catechin, as described above by v. Kostanecki and Lampe. 

The synthesis is made clear by the following scheme:— 

467 


30 



THE NATURAL ORGANIC COLOURING MASTERS 



They were, however, unable to obtain the resulting product in a 
crystalline condition—the addition of a crystal of the product obtained 
from catechin (deoxy-hydrocatechin-pentamethyl- ether) failed to 
cause it to crystallise—hence they were not able to obtain a definite 
settlement of this point. 

Catechin is oxidised in aqueous solution by potassium ferricyanide 
in the presence of potassium acetate with formation of an orange- 
coloured amorphous compound (Perkin) which dyes mordanted calico 
orange-brown shades which are fairly fast to soap. It is probable 
that this dyestuff is related to the catechone of v. Kostanecki and 
Tambor, and which was obtained by these authors in the form of its 
tri- and tetramethyl ethers. 

When catechin is treated with carbon tetrachloride and aqueous 
potassium hydroxide, it yields catechin carboxylic acid , colourless 
needles, melting-point 274—277° C. (decomp.)— 

HO/\' / ° X ' ( r : H 2 

COOH . C,H s (OH) 2 -CH(OH)-i v J- £h, 

OH 

The annexed constitution has been assigned to it on account of 
the fact that its penta-methyl-ether methyl-ester , C 22 H s# O g , melting- 
point 92" C., when oxidised with alkaline permanganate yields 
hemipinic acid. 

Catechin carboxylic acid has been resolved, and the rf-acid has 
Ml? “ + 7 6 '4 °i melting-point 273° C. (decomp.), whilst the 
/-acid gave values [ ]‘ D 8 - - 68-22°, and melting-point 270—273° G 
(decomp.), (Nierenstein, Annalen, 1913, 396, 194). 
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Catechutannic acid. —In addition to catechin, gambier catechu 
contains a small amount of catechutannic acid, and this substance is 
present in considerable quantity in the browner varieties of cutch. 
To isolate it the following method has been employed :— 

A hot aqueous extract of catechu is allowed to stand until no 
more catechin is deposited, and the clear liquid is evaporated to 
dryness. The residue is dissolved in alcohol, the solution treated 
with ether to precipitate impurities and then evaporated to dry¬ 
ness. 

Catechutannic acid consists of an amorphous reddish-brown 
powder, readily soluble in water and alcohol, insoluble in ether. Ac¬ 
cording to LSwe (Fr., 13, r 21), it possesses the formula C 2 ,H 18 0 8 , 
and gives a lead salt 3PbO, 2C ;1 H 18 O e , but this most probably re¬ 
quires revision. 

According to Etti (Annalen, 186, 332) catechutannic acid is 
an anhydride of catechin, and is derived from this substance by 
elimination of water. It is said to be produced when an aqueous 
solution of catechin is heated to 110° (L6we, ibid. , 12, 285), or by 
boiling catechin with solutions of the alkali carbonates. Again, 
catechin is decomposed at its melting-point with evolution of water 
and formation of a product resembling catechutannic acid, and 
aqueous solutions of catechin on long standing become brown- 
coloured with apparent formation of this compound. That the pro¬ 
ducts obtained by these methods resemble catechutannic acid is 
certain, but the subject has not been fully investigated. 

Catechutannic acid solution gives a precipitate with lead acetate, 
and also resembles catechin in giving a green coloration with ferric 
chloride, and the phloroglucinol reaction with pinewood and hydro¬ 
chloric acid. It is a powerful tanning agent, and appears to differ 
but little from the so-called “ catechol ” tannins. 

Three other catechin anhydrides have been described, viz. the 
second anhydride, Q 2 H 3< O u , (?), (Etti), which is produced by heating 
catechutannin to 162°; the third anhydride, C 2i Hi 8 0; (?), formed 
by digesting catechin with boiling dilute sulphuric acid for several 
hours; and the fourth anhydride, which is obtained by heating 
catechin with hydrochloric acid at 160—180°. These compounds 
consist of reddish-brown powders, and the fourth substance is insol¬ 
uble, both in alkaline solutions and all solvents. A product similar 
in properties to Etti’s fourth anhydride is readily formed by adding 
sulphuric acid to a hot acetic acid solution of catechin (Perkin). A 
bright orange powder almost immediately separates, and this, on 
analysis, gave C ■» 63-26 per cent.; H - 3-89 per cent. It is 
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interesting to note that the formation of these red anhydrides, or phlo- 
baphenes, is characteristic of all the catechol (phlobo) tannins. 

According to Perkin and Yoshitake, gambier catechu contains a 
small quantity of a second catechin, which crystallises in small prisms, 
devoid of water of crystallisation, and melts at 235—237Its 
general reactions are identical with those of ordinary catechin, and 
by fusion with alkali it also gives phloroglucinol and protocatechuic acid. 
The azobenzene compound, C 16 Hi 2 0 8 (C fl H 5 N 2 ) 2 , orange-red needles, 
melts at 215—217 0 . 

Finally, there are present in catechu certain brown substances 
known as rubinicundjaponic acids, which, according to some writers, 
appear to have been formed by the oxidation of the catechin. Their 
chemical nature is, however, unknown. 

Catechin, though largely employed for tanning purposes, does 
not precipitate a gelatine solution, and is not itself a tannin matter. 
On the other hand, it is absorbed by the hide, and there gradually 
passes into catechutannic acid. 

Dyeing Properties .—On cotton, catechu is largely used for the 
production of the well-known “catechu brown,” which is exceedingly 
fast to light, acid and alkaline solutions, and also to bleaching powder. 
To obtain this, cotton is steeped in a hot solution of catechu (1—2 
per cent.) to which has been added about 6 per cent, of copper sul¬ 
phate, reckoned on the weight of the catechu employed. The material 
is allowed to remain in the bath as it cools, and without washing 
is then treated in a warm or boiling second bath containing 1 or 
2 grams of bichromate of potash per litre. According to Hummel 
and Brown (J. Soc. Chem. Ind., 1896, 15, 422), in this operation 
the copper sulphate probably converts the catechin into catechu¬ 
tannic acid, and this is subsequently oxidised to japonic acid by the 
action of the bichromate. The colour is apparently intensified by 
the formation of a basic copper chromate. Gambier catechu is also 
employed in dyeing compound shades with logwood, fustic, and 
alizarine in conjunction with bichrome, and with bismarck brown, 
magenta, etc. In the latter case catechu-tannin forms the mordant 
for the basic colour. 

Wool may be dyed with catechu in a similar manner to cotton. 
In silk dyeing, catechu is largely used for weighting purposes. The 
silk is steeped in basic ferrous sulphate solution, then in potassium 
ferrocyanide and hydrochloric acid, which causes the production of 
Prussian blue on the fibre. It is then worked in a strong solution 
of gambier to which stannous chloride solution has been added. 

Bengal or Acacia Catechu .—Bengal catechu is derived from the 
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Acacia catechu, a tree 15 to so feet high, which is common in most 
parts of India and Burma. To isolate the catechu which is present 
in the red heartwood, the tree is cut down while it is fullest of sap, 
and the internal portion is sawn into small sticks and extracted with 
boiling water. The liquid thus obtained is concentrated over a fire, 
and then allowed to evaporate spontaneously in shallow dishes. The 
extract thus obtained comes into the market as Pegu catechu, brown 
cutch, and brown catechu (Crookes, “ Dyeing and Calico Printing ”). 

A purer substance, hath, or the pale catechu of India, is prepared 
by suspending twigs in the hot concentrated extract and collecting 
the crystals which thus separate. 

Acacatechin, C 15 H 14 O ll , 3H2O, can be obtained from the acacia 
kath by methods identical with those which are employed for the 
isolation of caterhin from gambier catechu. It melts at 204—205°, 
is somewhat more sparingly soluble in water than catechin, and when 
fused with alkali gives phloroglucinol and frotocatcchuic acid. The 
reactions of acacatechin and catechin, in so far as they have been 
observed, are identical, and there is no difference in the composition 
of their derivatives when prepared under similar conditions. On the 
other hand, the melting-points of the substances themselves, and 
also of their derivatives, differ widely, as is evident from the follow, 
ihg table (Perkin and Yoshitake):— 



Acacatechin. 

Catechin. 

Penta-acetyl derivative. 

158—irto' 

124—125 

Pentabenzoyl „ 

l8l — 

-183° 

> 5 *—i 53 

Azobenzene „ 

198—200“ 

193—195 

Tetramethyl ,, 

>52—' 54 ° 

144—146 

Acetyl „ 

1 35 — 

-> 37 ° 

92 — 93 ° 


It appears certain, therefore, that catechin and acacatechin are 
isomerides, and it is possible that the latter may, on the basis of 
v. Kostanecki and Lampe’s formula for catechin, be represented thus 
(Perkin, private communication);— 


OH | 
OH! 



a point which should not be difficult to determine. 

Bombay or Areca Catechu. —This variety is obtained from the 
fruit of the Areca catechu or betel-nut palm, a tree which is common 
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in tiopical Asia. Though its chief constituent resembles catechu* 
tannic acid, catechin itself has not been isolated from this product. 
It possesses a bright chocolate and sometimes an orange-brown 
colour, and yields, on dyeing, very similar results to the ordinary 
cutches. 

Mangrove cutch is obtained from the bark of the mangrove 
Ceriops candolleana, and is of somewhat recent employment. In its 
preparation it is preferable to extract the fresh bark, which is of a 
light colour internally, rather than the stored product which has 
become red, or is said to have “ sweated ". The extract, on evapora¬ 
tion, becomes deep-red in colour, and the object of the manufacturer 
is to prevent this anhydride formation from going too far, otherwise 
a certain portion of the extract is rendered insoluble in water. 

By fusion with alkali, it gives protocatechuic acid, but at present 
no catechin has been isolated from it (Perkin, private communica¬ 
tion). When dissolved in sodium bicarbonate solution, acetic ester 
extracts an almost colourless tannin, which possesses the properties 
of a catechol tannin. 

For many purposes, mangrove cutch is competing closely with 
the other varieties of catechu, and this competition will no doubt 
become keener, if its quality can be further improved. 

Mahogany. —According to Caseneuve (Ber., 8, 828) mahogany 
wood contains a catechin. (See also under Rhubarb tannic acid, 
p. 449.) 

Cyanomaclurin. 

Cyammarfurin,- C 15 H 12 0 # , a colourless compound existing in Jak- 
wood, is closely allied to the catechins, and may possibly belong to 
the same group. In its general reactions, indeed, it is very similar 
to these compounds, but differs from them in that by alkali fusion 
it yields p-resorcylic acid and not protocatechuic acid. 

A full description of the properties of this compound is given 
in the article on Jak-wood. 

Kino. 

Kino consists of the dried astringent juice of various trees, and 
though now practically obsolete, came into commerce in the form of 
small semi-opaque reddish-brown fragments. There are numerous 
varieties of this material, of which the following are the best 
known:— 

Malabar kino ( Pterocarpus marsupium), African or Senegal kino 
[Plerocarpvs trinaceus). West Indian kino ( Coccoloba uvi/era), 
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Bengal kino ( Buka frondosa), and Australian kino (Eucalyptus'spec). 
Among these,'Malabar kino, at one time medicinally employed in 
Europe owing no doubt to its astringent properties, appears to have 
been the most frequently examined, though as the results obtained 
by distinct workers have not always been in agreement, it is probable 
that material experimented with has in certain cases consisted of 
some other variety. 

When distilled Malabar kino evolves catechol (Eissfeld, Annalen, 
1854, 92, 101), and by fusion with potassium hydroxide, phloroglucinol 
and protocatechuic acid are obtained. 

According to Etti (Ber., 1878, n, 1879) when kino is digested 
with dilute hydrochloric acid, and the liquid extracted with ether, a 
substance kinoin, C 14 H I2 0 5 , crystallising in colourless prisms, can be 
isolated. This compound is readily soluble in hot water, and when 
heated with hydrochloric acid to 130" yields catechol, gallic acid, 
and methyl chloride, and at 120° is converted into an amorphous red 
compound, C, s II 22 O n , the so-called kino red. Kino red is itself 
present in kino and forms a red resinous powder sparingly soluble in 
water, and the solution thus obtained gives a dull green coloration 
with ferric chloride. 

Perkin (Chem. Soc. Trans., 1902, 81, 1173) obtained in a similar 
way from a sample of kino (botanical origin uncertain) a small 
amount of crystalline substance, which he regarded as kinoin, and 
which possessed yellow dyeing properties with aluminium mor¬ 
danted calico. 

White, however (Pharm. J., 1903, (ix.), 16, 676), was unable 
to obtain kinoin from Malabar kino, and again, Simonsen (Chem. 
Soc. Trans., 1911, 99, 1532), who submitted material of undoubted 
botanical authenticity to critical examination, could only isolate a 
small amount of catechol by Etti's method. From kino itself 
Simonsen, by the action of methyl sulphate and potassium hy¬ 
droxide, obtained the trimethyl ether , C 15 Hu0 4 (0Me)a, a colourless 
amorphous powder which could not be crystallised. That kino thus 
contains three hydroxyl groups was confirmed by an examination 
of the acetyl derivative, an amorphous brown powder of the formula 

CisHn0 4 (OAc)g 

By oxidation with permanganate, kino methyl ether yields 
veratric acid, whereas by fusion with alkali, kino itself gives proto¬ 
catechuic acid. By neither of these decompositions could the forma¬ 
tion of phloroglucinol or a phloroglucinol derivative be detected, 
and the statement of Eissfeld that he obtained phloroglucinol from 
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kino appears, therefore, to be incorrect. Smith (Roy. Soc. N.S. 
Wales, 1895, 30, and 1896, 133) isolated from Australian kinos 
derived from Eucalyptus htmiploia (F. .and M.) and E. calophylla 
(R. Br.), by means of ether, a substance aromadcndrin , melting-point 
a 16°, to which the formula C 2S H 2# 0 ]j was assigned. This crystal¬ 
lises from water in colourless needles resembling catechin in appear¬ 
ance, soluble in alkalis with a yellow colour, and gave with lead 
acetate a yellow coloured precipitate, and with ferric chloride a 
purple-brown coloration. When heated in glycerol solution, or 
above its melting-point, aromadendrin gives kino yellow, a yellow 
resinous substance almost insoluble in cold water. It is, however, 
easily soluble in alcohol, and this solution possesses great staining 
power and dyes wool and skin a bright yellow colour. 

11 Utica Gum. 

The dried juice of Butea froruiosa (Roxb.) is often sent into 
the market instead of genuine kino. It forms black-brown, slightly 
lustrous, brittle lumps, has an astringent taste, and yields catechol 
by dry distillation. 
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INDOLE GROUP. 

Natural Indigo—Properties and Syntheses of Indigotin —Lonchocarpus 
rmtiMicKj—Woad—Purple of the Ancients. 

Natural Indigo. 

Indigo has been known in Asia from a remote period of antiquity, 
and there exist very ancient records in Sanskrit describing its 
methods of preparation. The Romans appear to have recognised it 
only as a pigment (indirum), but evidence as to its use as a dye by 
the ancient Egyptians has been abundantly proved from the examina¬ 
tion of mummy cloths. Its employment in Europe was very limited 
until in 1516 when it began to be imported from India by way of 
the Cape of Good Hope, but its introduction in large quantity did 
not occur until about 1602. Owing chiefly to the opposition of the 
growers of woad, its European rival, as a dyeware it met with much 
opposition, and various laws were enacted both on the Continent 
and in England prohibiting its use. It was called a “devilish 
drug,” and was said to be injurious to fabrics. In 1737 its employ¬ 
ment was legally permitted in France, and from this period its valu- 
able properties appear to have become gradually recognised through¬ 
out Europe. 

The most important plants which yield indigo are those of the 
genus Indigo/era belonging to the natural order of the Leguminosa; 
these have been cultivated in India, China, Egypt, the Philippines, 
Caracas, and Brazil. 

For the purpose of indigo manufacture the Indigojtra tinctoria 
(Linn.), 1 . sumatrana (Garrtn.) (the Indian plant), I. dispcrma (Linn.), 
I. argentea (Linn.), and /. arrecia (Hochst.) (the Natal plant), the 
I. paucifolia (Delile) (Madagascar plant), and I. secundiflora (Poir.) 
(Guatemala plant), have been mainly used, though certain less valu¬ 
able varieties, viz. the / pseudotinctoria (R. Br.), /. angustifolia 
(Linn.), I. arcuala (Willd.), I. caroliniana (Walt.), I. cinerea (Willd.), 
I longeracemosa (Boiv.), I. cmrulea (Roxb.), I. indtcaphylla (Jacq.), 
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I. glabra (Linn.), I. hirsuta (Linn.), I. iniica (Lam.), I, rntxmna 
(Benth.), 1 leptostachya (DC.), have been employed. In Japan, 
China, and Russia the plant usually cultivated has been the Poly¬ 
gonum tinctorium (Ait,), but the /salts tinctoria (Linn.), or woad plant, 
at one time very largely grown in Europe, is now only used in very 
limited quantity as an adjunct in the dyeing of indigo (woad vat). 
The native source of indigo in Western Africa appears to consist 
almost entirely of the Lonckocarpus cyanescens (Benth.) (Perkin, 

J. Soc. Chem. Ind., 1907, 26). 

Other indigo-yielding plants are the Nerium tinctorium, Gymnema 
tingens (Spreng.), Eupatorium lacve (DC.), Tephrosia tinctoria (Pers.), 
Marsdcnia tinctoria (R. Br.), and certain species of orchids such as 
the Phaius grandiflorus (Reich.), and Ca/an/he vcratrifolia (R. Br.). 

In addition to these, various plants, of which the Mercurialis 
perennis (Linn.), Fagopyrum esculentum (Moench.), Fraxinus excelsior 
(Linn.), Baptisia tinctoria (R. Br.), and Rhamnus a/a/ernus (Linn.) 
(Georgievics, Der Indigo, 1892) may be given as examples, are 
stated to yield indigo, or a very similar colouring matter, but this 
requires confirmation. 

The production of indigo from the indigo plant is of a simple 
character and consists mainly of two processes, viz. a steeping of the 
plant with water (fermentation), followed by the oxidation of the 
solution with air in a separate vessel. Until very recently but little 
modification appears to have been introduced into this ancient 
process, and there is also but little variation to be found in the 
main features as described by Bancroft (“ Philosophy of Permanent 
Colours,” 1813), Crookes (“ Manual of Dyeing and Calico Printing,” 
1874), Bridges-Lee (“Indigo Manufacture," 1892), Georgievics 
(toe. cit., 1892), and Rawson (“The Cultivation and Manufacture of 
Indigo,” J. Soc. Dyers, 1899). 

Directly the plants are cut down they are tied in bundles and 
brought to the factory without delay, because it is necessary that the 
material should be operated on at once.* The tanks for the extrac- 

* It has tong been known that the percentage of indican rapidly disappear! 
from the leaf in the freshly plucked moist condition, and on this account it is ad¬ 
visable that the plant when cut down should be dealt with at once. On the 
other hand, it has been the practice to a small extent in certain districts to air- 
dry the leaf before proceeding with '.he manufacture of indigo. In order to de¬ 
termine if when air-dried under ideal conditions, the leaf in these circumstances 
loses a material amount of indican, experiments were made by Watson (jour. 
Chem. Soc. Ind., 1918,37,81) with indigo plant specially grown for the purpose. 
The leaf when gathered was divided into two portions, one of which was analysed 
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tion (steeping vats) and precipitation of the indigo by oxidation 
(beating vats) are sometimes of stone, but more usually of brick¬ 
work lined inside with cement, and are respectively ranged in two 
rows one above the other, so that the former can be drained into 
the latter. The steeping vats may have a capacity of about rooo 
cubic feet, and are usually of much smaller dimensions than the 
beating vats, of which less are consequently required. According to 
Rawson (loc. cit.), who describes a small indigo factory, each range 
of beating vat runs the whole length of six steeping vats, and has a 
width of 13 feet 6 inches. 

Into each of the upper tanks the bundles of the plant are tightly 
packed (preferably in a horizontal position, Bridges-Lee, loc. cit.), on 
the top of this is laid a horizontal trellis of bamboo, and the whole is 
wedged down into the tanks by means of timber, so that the material 
is unable to float during the fermentation process. Water is then 
run in, in such quantity that the bundles are entirely submerged. 
After about two hours an active fermentation is observed, and the 
surface of the liquid becomes covered with froth owing to the evolu¬ 
tion of a mixture of carbon dioxide, oxygen, and nitrogen (Georgie- 
vics, loc. cit .); in the later stages (Rawson, loc. cit.) either marsh gas 
or hydrogen or a mixture of the two is freely produced. After ten 
to fifteen hours, according to the prevailing temperature of the water, 
the straw-yellow, orange, or olive-green coloured liquid is drawn off 
into the tanks below, and submitted to oxidation with air. 

This may be accomplished by “ hand beating," by machinery (the 
beating wheel), by blowing air through the liquid, or by the shower- 
bath method. During this operation the colour of the liquid 
gradually changes, becoming first dark green and then blue, and 
considerable frothing is produced. When it is observed that the 
indigo precipitate or “ fecula ” readily settles, the beating is discon¬ 
tinued and the mixture allowed to rest for some two hours. The 
supernatant liquid, or “seeth water," having been drained off as com¬ 
pletely as possible, the indigo sludge or “ mal ” is led into a reservoir 

at once, and the second dried by spreading in a thin layer upon filter paper in a 
north verandah for three or four days until constant in weight. 

The analyse* were carried out by the isatin method (loc. cit.) with 10 
grammes of leaf weighed in each case in the fresh condition, and the results 
expressed a* indirabin indicate that a serious loss of colouring principle does 
occur in these circumstances:— 



Fresh Leaf. 

Air-dried Leaf. 

(«) 

' orootf 

00568 

<») 

0-0815 

0-0610 

w 

01057 

0-0763 


477 




THE NATURAL ORGANIC COLOURING MATTERS 


inside the factory, from whifh it is subsequently elevated by means 
of a hand pump or steam injector into a large cauldron known as 
the “ mal boiler It is here heated by direct fire or by the admis¬ 
sion of steam, and this has for its object the prevention of a further 
fermentation, the solution of certain brown impurities, and a more 
complete granulation of the “ mal 

The product is then run on to a filter known as a “table,” con¬ 
sisting of stout cotton or linen cloth stretched over a shallow rec¬ 
tangular basin of stone or cement, with a drainage opening at one 
corner, and allowed to remain until it has the consistency of a stiff 
paste. In order to remove excess of moisture the indigo is trans¬ 
ferred to perforated wooden boxes lined with sail cloth and cautiously 
pressed. Finally, the resulting slab is cut into cakes by means of a 
guillotine or metal wires and allowed to dry at the ordinary tempera¬ 
ture on trellis-work shelves in a specially constructed drying house. 

Thk Plant. 

Until the last few years the I. sumatrana appears to have been 
exclusively employed in the best-conducted factories in India. Ac¬ 
cording to Leake (Report of the Dalsingh Serai Research Station, 
1903-2904) this is a mixture of several sub-varieties of different 
values. In this, as in apparently all other indigo plants, the indican 
exists exclusively in the leaf, though Bloxam and Leake {loc. cit.) 
point out that the midrib or rachis also contains the glucoside. 
For the manufacture of indigo the main points in connection 
with the plant are the weight yielded per acre, the percentage 
of leaf present, and the indigotin producing value of the latter. 
According to Rawson (“Cultivation and Manufacture of Indigo,” 
loc. cit.) the good plant contains 40 per cent, of leaf, though occa¬ 
sionally, but not often, the proportion of leaf rises to as much as 
60 per cent. Bloxam and Leake found, however, much higher 
values, 517—61 -6 on ordinary Indian plant, and 65 per cent, given 
by twelve experimental plots, figures which include the rachis. 
Bergtheil (Report of the Indigo Research Station, Sirsiah, 1906, 8) 
found the percentage of leaf to be 40 per cent., and never higher 
than 45 per cent.; but, on the other hand, in a redetermination, 
Leake 0 . Soc. Chem. Ind., 1907, 26, 1174) records the value as 
6 j - j per cent. Rawson, who conducted numerous analyses of the 
leaf by his persulphate process (toe. cit.), shows that the indican con¬ 
tent as expressed by indigo yielding capacity varies at different 
periods of the year. Thus, whereas in one instance on May a8 the 
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figure was o-*o per cent., on August 25 this had risen to 076 per 
cent, of indigotin. Though the leaf on a young plant gives but a 
small percentage of colouring matter, yet as the plant grows the new 
leaf contains more colouring principle than the old on the same 
plant. As an example, on one occasion the percentages of indigotin 
recorded with new and old leaf were respectively 071 and 075 per 
cent. Finally, there is a gradual increase in colouring matter given 
by leaves from the bottom of the plant upwards as represented by 
the figures 070, 074, and 0 62 per cent, respectively. According 
to Bergtheil (Report of the Indigo Research Station, 1907, 3) 
the “indigotin content ” of the plant is rarely so high as 07 per 
cent. Though the leaf, as a rule, contains a maximum of colouring 
matter from about the middle to the end of August, it does not 
necessarily follow that this is the best period for manufacture, as by 
fhis time the plant will usually have lost a considerable portion of 
leaf (Rawson). The manufacture, indeed, usually commences about 
the middle of June. Gaunt, Thomas, and Bloxam (J. Soc, Chem. 
Ind., 1907, 26, 1174) refer to a sample of the air-dried leaves of the 
I. sumatrana, which, in comparison with other dry samples of the 
same variety (0 6 approx.) and of the Java plant, I. arrecta (r8i per 
cent.), yielded indigotin to the value of 373 per cent., and consider 
that this indicates that by selection and suitable methods of cultiva¬ 
tion it should be possible to obtain an average plant of greater 
indigo-producing power than has hitherto been the case. 

The plant formerly employed by the Java planters was the I. 
secundiflora, “ Guatemala plant,” but for several years past this has 
been replaced by the I. arrecta or “ Natal plant 1 ’. The latter, it is 
stated, contains not only more leaf than the ordinary Indian plant, 
but, as a rule, the leaf yields also a considerably larger percentage of 
indigo. More recently the Indian planters have recognised the value 
of the I. arrecta , and accounts are given by Coventry (Indigo Im¬ 
provements Syndicate Report, 1901) of experiments in connection 
with its introduction. Leake (Dalsingh Serai Report, 1905) dis¬ 
cusses the difficulties of the germination of the seed of the Natal- 
Java plant, which is due to the impermeable character of the seed 
coat. This defect, it is pointed out, can be overcome by a process 
of scratching, and a practical method for this purpose is described. 
Bergtheil ( loc. cit.), in conjunction with D. L. Day, treats the seed 
with strong sulphuric acid, which leads either to a swelling of the 
seed coat and its eventual rupture or converts it into a body akin to 
cellulose and permeable to water. Analyses of the indigo-yielding 
power of this leaf by Rawson (loc. cit.) gave figures up to 076 per 
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cent., whereas Bergtheil (he. cit., 1906) finds in comparison to the 
I. sumatrana (o - 585) that the I. arreeta produced ro5 per cent, 
of colouring matter. The percentage of leaf given by the latter 
averages j2'2 per cent. Again, in 1909 the yield from 100 maunds 
of the I. arreeta was 15 seers 10 chittacks, as against it seers 14 
chittaeks from the same quantity of the /. sumatrana. The Natal 
plant is now established in India, and its value appears to be fully 
recognised. According to Bergtheil (1907) the indigo made from 
the Java plant has generally been of a high indigotin content, and 
(1906) that whereas the yield of indigo per acre was 126 “seers,” 
that given by the I. sumatrana was by comparison only 8 seers. 

A full account of much detailed work on the cultivation of the 
indigo plants by Rawson, Bloxam and Leake, and Bergtheil is 
given in the reports above enumerated (ef. also Bergtheil, ibid., 
1908—1911). 

The Chemistry of Natural Indigo Manufacture. 

According to the early researches of Chevreul (Ann. Chim. Phys., 
1808. 66, 8, and 1808, 68, 284) and of Geradin and PrSisser (J. 
Pharm. Chim., 1840, 26, 344) the colouring principle of indigotin 
present in indigo-yielding plants was considered to consist of indigo 
white, and this theory remained uncontradicted until Schunck (Phil. 
Mag., 1855, [iv.], 17, 74, and 1858, 15, 127) isolated from the I satis 
tl'nctoria (woad), Polygonum tinctorium, and Indigoftra tinc/oria 
(Schunck and Roemer,Ber., 1879, 12,2311) a glucoside, which was 
named indican. 

To prepare this substance from woad the leaves were extracted 
with cold alcohol, the solution treated with a little water, and con¬ 
centrated at the ordinary temperature by blowing air over it. The 
waxy matter which thus separated was removed by filtration, and the 
filtrate shaken up with freshly precipitated cupric hydroxide. The 
mixture was filtered, the liquid freed from dissolved copper by means 
of sulphuretted hydrogen, and then evaporated at the ordinary tem¬ 
perature. The residue was extracted with cold alcohol, the extract 
treated with ether to precipitate certain impurities, and the solution 
evaporated. 

Thus obtained it consisted of a yellow or yellowish-brown syrup, 
which was of an exceedingly unstable nature, and could not be dried 
without decomposition. With alcoholic lead acetate it gave a yellow 
precipitate, whereas in aqueous solution it could only be precipitated 
by means of basic lead acetate. Analyses of the lead compound 
480 



INDOLE CROqP 


indicated that indican possessed the formula C i «Hs l NO lr . Schunck 
found that this compound was a glucoside, and that by the attion of 
dilute acids, alkalis and of a ferment present in the plant, it was 
readily hydrolysed with the formation of indigotin, and a sugar 
indiglucin — 

2C 26 H 3 A-N + 4 H 2 0 - C, 4 H,AN, + 6 C,H„ 0 , 

For the production of indigotin the presence of air or other 
suitable oxidising agent was however necessary, and it appeared, 
therefore, that during the reaction the indigotin at first formed was 
reduced to indigo white. 

Later, however, Schunck and Roerner showed (htc. cit.) that 
indican, when hydrolysed in the absence of air, gave a product 
which, on subsequent treatment with oxidising agents, did not yield 
indigotin. Schunck further obtained by the action of cold dilute 
acids on his indican a brown pow’der, from which he isolated six 
distinct substances, viz. indihumin, indijuscin, and indiretin, soluble 
in warm sodium hydroxide solution, and a- and p-iitdifulvins and 
indirubin, insoluble in alkalis. 

Wheqytqueous solutions of the indican were boiled or heated for 
some time a decomposition ensued, and the product, on treatment 
with acid, gave indiglucin, but no indigotin, this being replaced by 
indiretin and indihumin , brown amorphous substances. The latter 
closely resembled, and was probably identical with, indigo brown. 
By the action of alkalis or alkaline earths at the ordinary temperature, 
indican was converted into a new glucoside, indicanin , C 3 oH JS N 0 ls , 
which on treatment with acid gave indiglucin and indirubin. 

Oxyjndicanin, a brown gummy substance, insoluble in alcohol, 
was isolated during the preparation of indican, and yielded, under 
the influence of acids, indiglucin and a brown substance similar to 
indifuscin. 

In 1896 Surg. Lt.-Col. G. S. A. Ranking {Jour. Asiatic Society 
of Bengal, lxv., ii., No. 1), as the result of a careful examination of 
the fermented leaf extract, pointed out for the first time that the 
soluble compound present and which by air oxidation gives indigo¬ 
tin, cannot be indigo white, but is evidently indoxyl. He also 
suggested that as C 0 2 is largely evolved during the leaf fermentation 
it is not improbable that indoxylic acid, 

/ C °\ 

C 4 H 4 CH. COOH 


3i 


may also be present. 
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Marchlewski and Radcliffe (J. Soc. Chem. Ind., 1898,17, 434), 
evidently unaware of Ranking’s paper, and indeed this seems to 
have been lost sight of by later workers, in a theoretical discussion 
of the subject, suggested that indican, C h H jt 0 5 N, was a glucoside 
of indoxyl, the hydrolysis of which could be represented by the 
following equation:— 

C 14 H 17 0 9 N + H 2 0 = C b H,ON + C,H,A 

As a result of the communication of Marchlewski and Radcliffe, 
Hazewinkel, the director of the experimental station for indigo, 
Klaten, Java (Proc. K. Akad. Wetensch., Amsterdam, 1900,2, 512), 
gave an account of a research, concluded in 1898, which he had 
hitherto considered to be to the interest of the Java planters to keep 
secret. In this important paper he shows that indican is an indoxyl 
glucoside, and that the sugar obtained from it is dextrose. 

The elaborate researches of Beyerinck, van Romburgh, and other 
Dutch chemists proved that the indican present in the various 
Iniigofera and in the Polygonum tinctorium was far more stable than 
Schunck supposed, and the experiments of these authors eventually 
led to the isolation of this glucoside, in a crystalline condition from 
the Indigo/era leptostachya and Polygonum tinctorium by Hoogewerff 
and ter Meulen (l’roc. K. Akad. Wetensch., Amsterdam, 1900, 
2, 5 *°)' 

The leaves were immersed in two and a half times their weight 
of boiling water, boiled for a few minutes, and further systematically 
exhausted. Without any sensible decomposition the decoction could 
be evaporated in vacua if care was taken to keep the reaction 
alkaline. The dry residue was extracted with methyl alcohol, and to 
the solution ether was added as long as a precipitate was formed. 
This was removed, the clear liquid evaporated, the residue com¬ 
pletely dried in vacuo , and then dissolved in water. The filtered and 
concentrated solution deposited on cooling well-defined crystals of 
indican. This process may be modified by treating the decoction of 
the leaves with baryta water before concentration, by which means a 
large proportion of the impurities are precipitated. Seventeen kilos 
of the leaves of Polygonum tinctorium yielded 5 grams of pure indican. 

Thus obtained indican, C l4 H 1T 0 «N, crystallises from water in 
spear-shaped crystals, which contain 3 molecules of water of crystal¬ 
lisation. Heated in a test tube, or on platinum foil, purple-coloured 
fumes are given off, but this does not take place in an atmosphere 
of carbon dioxide. By passing a current of air through a hot solu¬ 
tion of indican in dilute hydrochloric acid containing a little ferric 
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chloride, 91 per cent, of the indican was converted into indigotin 
according to the equation— 

+ 0 , — C IS H W NA -f- 2■,0O5 

, There was no difference between the. indican prepared from the 
I. leptostachya and that obtained from the P. tincturium. 

In a paper by Beyerinck (Proc. K. Akad. VVetensch., Amsterdam, 
t9oo, 3, roa), “ On the Formation of Indigo from Woad," this 
chemist discusses Schunck’s well-known work on the same subject, 
and points out that the indigo yielding substance contained in this 
plant is not, as Schunck regarded it, identical with the indican pre¬ 
sent in the Polygonum tincturium. The colouring principle of woad 
Beyerinck names isatan, and shows that this compound, unlike 
indican, is decomposed in feebly alkaline solutions, whereas indican 
is stable even in concentrated alkaline liquids. In presence of acids 
both isatan and indican are hydrolysed, but indican with greater 
difficulty. Isatase, the specific enzyme of woad, does not act on 
indican, and isatan, on the other hand, is unaffected both by the 
indigo enzyme or by common bacteria. 

Schunck (Chem. News, 1900, 82, 176) considered that the 
crystalline indican of Hoogewerff and ter Meulen was not the sub¬ 
stance obtained by him, and should not be considered as a pure 
variety of it, but was rather derived from it, by extracting the plant 
with a hot solvent and the use ot chemicals.. He preferred to name 
his compound «-indican and theirs (Mndican. 

Bergtheil (Chem. Soc. Trans, 1904, 85, 877), who experimented 
with the I. sumatrana and I. arreeta, did not find it possible to 
prepare indican from the leaves of these plants in the manner de¬ 
scribed by Hoogewerff and ter Meulen. 

It was, however, shown by Perkin and Bloxam (Chem. Soc. 
Trans., 1907, 91, 1715) that crystalline indican can be isolated from 
both of these plants by such a method, and is in reality the source 
of the natural indigo which is derived from them. 

In a further communication ter Meulen (Rec. trav. chim., 1905, 
29, 444) describes a modification of the method previously given for 
' the isolation of indican from the Polygonum tinctorium, which consists 
in treating a cold solution of the partially purified substance with 
sulphuric acid, by which means certain impurities are precipitated. 
The acid is then removed with barium carbonate. The main object 
of the investigation was, however, the determination of the sugar 
that this glucoside yields when hydrolysed by its specific enzyme, 
and this proved to be dextrose, as already indicated by Hazewinkel 
(toe. cit.) 
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As a result of the study of the behaviour of indican with solvents, 
Perkin and Bloxam (loc. eit.) devised a very simple process for the 
isolation of this glucoside, by the aid of which large quantities of the 
pure substance could be readily prepared. 

The leaves and stems of the I. suma/rana (rooo grams) were 
treated with 4 litres of cold acetone, the mixture being occasionally 
shaken during seven days, and the green-coloured extract was 
evaporated on the steam-bath to a very small bulk. To the residue 
light petroleum was added, causing the deposition of a brown 
viscous precipitate of crude indican, and this was repeatedly agitated 
with small quantities of light petroleum. The product on treatment 
with water gave a pale yellow liquid, containing resinous matter in 
suspension, and the latter was removed by shaking with ether. The 
clear aqueous solution, treated with 10 c.c. N/2 sodium carbonate, 
on gradual evaporation in vacuo deposited crystals, and eventually a 
semi-solid mass was obtained. It was collected, drained, and allowed 
to dry at the ordinary temperature. When exhaustively extracted, 
1000 grams of leaf gave 31 ’66 grams of indican, and by a continuous 
system of working more than 500 grams of crystalline indican were 
prepared. The preparation of this glucoside from the leaves of I. 
arrccta is more troublesome, owing partly to the presence of kaemp- 
feritrin (loc. cit.), but more especially of a colourless sugar-like com¬ 
pound, C # H 12 0 6 ; melting-point 186—187°; possibly a modification 
of quercitol. The fact that indican can be so readily isolated without 
the aid of heat, and merely with the use of acetone, light petroleum 
and ether, is not in harmony wfth the contention of Schunck (loc. 
cit.) that the crystalline glucoside is an alteration product of his 
amorphous substance, and consequently the terms a- and / 3 -indican 
suggested by him should disappear. 

Indican crystallised from water, C 14 Hj; 0 6 N, 3H 2 0, melts at 57— 
58°, but in the anhydrous condition as obtained by the addition of 
boiling benzene to its hot alcoholic solution, at 176—178°. Owing 
to its somewhat ready solubility in water it can be more economically 
purified by the latter process, and, according to Perkin and Thomas 
(Chem. Soc. Trans., 1909, 95, 793), crystallisation from absolute 
alcohol gives excellent results. 

It has been shown by Baeyer (Ber., 1881, 14, 1745) that indoxyl 
readily condenses with aldehydes and ketones to form the so-called 
indogenides , and Hazewinkei (loc. cit.) partly identified this substance 
by means of its condensation products with isatin, benzaldehyde, and 
pyruvic acid, relying, however, on their qualitative reactions, as 
he did not prepare these compounds in a pure enough condition 
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for analysis. Almost simultaneously Beyerinck fProc. K. Akad. 
Wetensch., Amsterdam, 1899, 2, rao) prepared indirubin by hydro¬ 
lysing crude indican in the presence of isatin. 

Perkin and Bloxam (loc. cit.) and Gaunt, Thomas, and Bloxam 
(J. Soc. Chem. Ind., 1907, 26, 1174), who experimented with the 
pure substance, found that when indican dissolved in water is added 
to a boiling solution of isatin, acidified with a little hydrochloric 
acid, and the operation is carried out in an atmosphere of hydrogen 
or carbon dioxide, the yield of indirubin is quantitative according to 
the following equations:— 

C u H 17 0 9 N + HjO = C 8 H ; NO + QH.A 
C 8 H r NO + CjHjNOj = C„H 10 N 2 O 2 + H 2 0 

This “ isatin ” method, for details of which see page 513, affords 
a ready means, not only for the analysis of the crystalline glucoside, 
but also for the estimation of the amount which is present in 
aqueous infusions of the leaf (v. infra). 

More recently Perkin and Thomas (Chem. Soc. Trans., 1909, 
95> 795)i who studied in a similar way the condensation of indoxyl 
derived from indican with /-nitrobenzaldehyde, found that the 
/-nitrobenzaldchydeindogenide is deposited in quantitative amount, 
and that this reaction could also be employed for the analysis, both 
of crystalline indican and of that present in the leaf extract. The 
reaction takes place with extreme readiness", for with indican solution 
at a dilution of 1 in 1000, the above compound quickly separates, 
and even at 1 in 10,000 the condensation can be observed to take 
place. Piperonal and indican in the presence of dilute acid yield 
the analogous compound Ci S H u 0 3 N, orange-coloured needles, 
melting-point 223—224 0 ; but this process, under analytical condi¬ 
tions, gave only approximately satisfactory results. As a side issue, 
/-hydroxybenzaldehydeindogenide, C I5 H n 0 2 N, orange-red needles, 
melting-point 267—269°, and dihydroxy benzaldehydeindogenide, 
CisHhOjN, orange-red needles, melting-point 264—265°, were pre¬ 
pared from indican, The latter compound derived from protocate- 
chuic aldehyde dissolves in concentrated sodium hydroxide, with a 
bluish-violet coloration, and dyes with mordanted woollen cloth well- 
defined shades. 

On the other hand, when indican is hydrolysed with acid, in the 
presence of an oxidising agent it does not appear possible to obtain 
a quantitative yield of indigotin. Hazewinkel (loc. cit.) states, in re¬ 
gard to this point, that acid oxidising agents convert indican into 
indigo, and this in turn is oxidised by an excess of the reagent, By 
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the use of ferric chloride and hydrochloric acid, Hoogewerff and ter 
Meulen obtained from the pure glucoside only 91 percent, of the 
theoretical quantity of colouring matter, which appeared to contain 
indirubin, and was of doubtful purity. Gaunt, Thomas, and Bloxam 
(loc. tit,), who examined the behaviour of ammonium persulphate, a 
reagent suggested by Rawson for the analysis of the plant extract 
(Report on the Cultivation and Manufacture of Indigo, Mozzuffer- 
pore, r904; cf. also Bloxam and Leake, Dalsingh Serai Report, 
1904), found that the process was far from quantitative with pure 
indican, and that the yield of colouring matter averaged but 82 per 
cent, of the theoretical. Perkin and Thomas (loc. cit.) studied the 
effect of the hydrolysis of solutions of indican with acid during the 
aspiration of air through the liquid, under varying conditions of tem¬ 
perature and concentration. The most satisfactory yield of pure 
colouring matter (93'5 per cent.) was produced when air was passed 
during eight hours through a solution of o'5 gram of the glucoside in 
850 c.c. of water acidified with 15 c.c. of 33 per cent, hydrochloric 
acid, and the temperature maintained at 60°. 

When, however, the operation was carried out at 70° less colour, 
ing matter was obtained (8y6 per cent.), and, curiously enough, 
replacement of the hydrochloric acid by an equivalent amount of 
sulphuric acid gave, under similar conditions, a much lower result. 
The deficiency in the yields given by these air-oxidation processes 
was due to the fact that a portion of the indoxyl had been con¬ 
verted into substances other than indigotin, and it was observed 
that whereas in the case of hydrochloric acid the filtrate possessed 
a pale yellow colour, that containing sulphuric add had a browner 
and darker tint. Indirubin was also present in these indigo pre¬ 
parations. 

Whereas Schunck (loc. cit.) had described the production of 
various brown substances by the action of dilute acids on his indican, 
and Schunck and Roemer (loc. cit.) had obtained a brown-yellow 
compound by means of hydrochloric acid in absence of air, the 
behaviour of the pure crystalline glucoside in this respect was studied 
by Perkin and Bloxam. When 100 c.c. of a 4 per cent, solution 
of indican was treated with 3 c.c. of sulphuric acid, and digested at 
a boiling temperature, the liquid, at first yellow, became brown, a 
brown resinous substance, together with a little indigotin, quickly 
separated, and the presence of indole was observed. The product 
of the reaction was almost identical in weight with that required by 
the amount of indoxyl which the glucoside would yield on hydrolysis, 
and consisted chiefly of a dark reddish-brown powder (a), sparingly 
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soluble in alcohol, togetherwith a small quantity of a similar, though 
more readily soluble substance ( 0 ).* Analyses of (a), which' is termed 
indoxyl brown, gave C = 68'io; H = 4-10; N = 9'34, figures 
almost identical with those found by the same authors for the main 
constituent of indigo brown, and though these two products differed 
from one another in certain minor respects, there could be no doubt 
that they were closely allied. The more readily soluble substance 
(b) also closely resembled the indoxyl brown, and gave on analysis 
N =965 percent. Indican, when treated with cold hydrochloric 
acid in the absence of air for ninety hours, gave indoxyl brown and 
a soluble brown substance similar to that described above (Perkin 
and Thomas). The acid filtrates from the indoxyl brown prepara¬ 
tions contained dextrose, and this was identified by means of its 
osazone, and also by the preparation of its acetyl derivative. 

The indigo enzyme discovered by Schunck (be. cit.) has been ela¬ 
borately investigated by the Dutch chemists. Beyerinck (Proc. K. 
Akad. Wetensch., Amsterdam, 1899, 1, 120) extracts the finely 
divided leaves of the plant, first with cold 96 per cent, alcohol, and 
subsequently with more dilute alcohol, which removes chlorophyll, 
indican, wax, etc., and leaves a snow-white highly active powder. 
From such preparations the enzyme itself could only be imperfectly 
removed, for in water it is almost insoluble, very sparingly so in 
glycerol, and rather more readily in 10 per cent, solutions of sodium 
and calcium chlorides respectively. The residue which remains 
after extraction in this way is not perceptibly less active than before 
treatment. A minute study of these leaf preparations was carried 
out by Beyerinck in regard to their behaviour with partly purified 
indican solutions, and he indicates the effect of temperature on the 
intensity of the hydrolysis by means of curves. Among numerous 
points of interest it was observed that ammonia quickly destroys the 
enzyme, and also that emulsin slowly hydrolyses indican, although 
the intensity of its action was only one-twentieth of that of Indigofera 
enzyme preparations. 

Hazewinkel (ibid., 1900, 2, 513), who also investigated the 
subject in 1898, arrived independently at Beyerinck’s conclusions. 
Finding that emulsin acted on indican solutions he called the indican 
enzyme tndimulsin, and considered that a 10 per cent, solution 
of sodium ^chloride is the best medium for dissolving it. A very 

* According to Perkin (Chem. Soc. Trane., 1916,109, 211) this operation can 
be 10 conducted that the total amount of nitrogen present in this product is ap¬ 
proximately equivalent to that possessed by the indican originally employed. 
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interesting point which he mentions is that during fermentation no 
indican passes from the leaf into the surrounding liquid. 

In the paper of van Romburgh (ibid., 1899, 2, 344) allusion again 
is made to the insoluble character of the enzyme, and to the activity 
of emulsin with solutions of indican. Finally, Beyerinck (ibid., 1900, 
3, 101) demonstrated that the ferment, present in woad, Isatis tine - 
toria, is not capable of hydrolysing indican, though it reacts with 
isatan, the peculiar indigotin yielding principle of this plant. Berg, 
theil (Chem. Soc. Trans., 1904, 85, 877), whose paper coveil ground 
already traversed by Hazewinkel, Beyerinck, and van Romburgh, 
considers that the difficulty which occurs in extracting the enzyme is 
due to the presence of tannin in the leaves (cf. Brown and Morris, 
Chem. Soc. Trans., 1893, 63, 604). By pounding thq leaves with 
hide powder the tannin becomes fixed, and a very active solution of 
the enzyme can be obtained. 

Ter Meulen (Rec. trav. chim., 1905, 24, 444) is, however, in 
agreement with the other Dutch work referred to above, as is evident 
from his statement 11 L’enzyme de I'indigo est insoluble dans l'eau ", 
According to Gaunt, Thomas, and Bloxam (loc. cit.), Bergtheil’s pro¬ 
duct is not a true solution, as the enzyme is entirely removed from it 
by means of a Berkfeld filter, Thomas, Perkin, and Bloxam (Chem. 
Soc. Trans., 1909,95, 829), again, point out that there is no certainty 
of the presence of tannin in the leaves of the I. sumatrana and I. 
ameta, and that any tannin matter if originally present would be 
eliminated during the repeated extraction of the material with alcohol. 
As the result of their experiments the insolubility of the enzyme was 
confirmed. 

A study of the hydrolysis of pure indican by means of the enzyme 
and subsequent oxidation of the indoxyl solution with air under 
varied conditions has been made by Thomas, Perkin, and Bloxam 
(loc. cit.). The fermentation was carried out in an atmosphere of 
purified hydrogen, and the temperature and dilution of the solution 
in both this and the subsequent oxidation process were so arranged 
as to fairly approximate the ordinary factory routine. For full de¬ 
tails of apparatus and the analytical precautions adopted the original 
paper must be consulted. 

The results of this investigation show that the hydrolytic action 
of the enzyme proceeds somewhat rapidly, and that by employing 
a grams of the enzyme and 1 gram of indican under the conditions of 
dilution stated, the reaction was complete after 2 hours’ digestion at 
50°. The solution, though free from indican, contains, however, less 
than the theoretical amount of indoxyl (93 per cent.). This is due 
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to the fact that some quantity of the indoxyl (4 per cent.) is occluded 
by the enzyme powder, and it wSs found that by increasing the 
quantity of this latter a correspondingly greater loss occurs. The re¬ 
sidual deficiency (3 per cent, approx.) arises from the instability of 
indoxyl itself, which even in an atmosphere of hydrogen at 30° is 
slowly converted into a product which is incapable of giving indigotin 
on oxidation. This property, which is referred to as the “ decay ” of 
indoxyl, is much more evident when the digestion with the ferment 
is prolonged for several hours, and the experiments of these authors 
indicate that by such a treatment for 30 hours, at least 20 per cent, 
of the indoxyl undergoes this transformation. On the other hand, 
at 15', in an atmosphere of hydrogen, the indoxyl solution is com¬ 
paratively stable, and on standing for 24 hours, experienced a loss 
of only 3 per cent. 

According to Beyerinck (!uc. cit.) great attention should be paid 
to the degree of the acidity of indican solutions which are undergo¬ 
ing fermentation, and this is corroborated by Thomas, Perkin, and 
Bloxam. Thus, by the presence of a trace of sulphuric acid, during 
the fermentation, the decay of the indoxyl is practically inhibited, 
and, moreover, by the addition of a further quantity of the acid at 
the close of the operation, the occlusion of the indoxyl by the enzyme 
powder is also prevented. As a result of this procedure the solution 
contained 99^5 per cent, of the theoretical quantity of indoxyl. 

When a dilute aqueous solution of indoxyl is oxidised by air the 
reaction is more complex than has usually been considered the case, 
and a quantitative yield of indigotin is not produced. Thomas, 
Perkin, and Bloxam have, for instance, found that the indoxyl solu¬ 
tions produced by the enzyme hydrolysis of indican, when treated 
with air at 6o°, gave only 88 per cent, of the theoretical quantity of 
indigotin, admixed with a little indirubin. It thus appears evident 
that in addition to the oxidation of indoxyl to indigotin some 
secondary reaction occurs, but of the chemical nature of this change 
there is as yet no certain evidence. The isolation from the indigo 
thus produced of traces of substances resembling indoxyl brown or 
indigo brown indicates the effect, at least in part, of a condensation 
similar in character to that which is involved in the production of 
the former product. Moreover, the filtrate from the indigo, which 
is prepared in this manner, was invariably of a dull yellow colour, 
and yielded, by extraction with ether, a small quantity of a yellowish- 
hrown resin. 

This secondary change of indoxyl is facilitated by the presence 
of potassium acetate in the liquid during the oxidation, for by this 
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means the yield of indigotin was decreased to 81 per cent., and the 
filtrate obtained from if possessed a rich dichromate colour. It has 
long been known that the oxidation of indoxyl solutions, in so far as 
the crude fermented factory liquid is concerned, is facilitated by the 
presence of ammonia or lime water, and the subject has been dis¬ 
cussed by Rawson and by Beyerinck (Joe. cit .). According to Thomas, 
Perkin, and Bloxam, the employment of a small quantity of either 
of these reagents during the oxidation of the indoxyl derived from 
pure indican was beneficial, and an increase of about 5 per cent, in 
the yield of indigo thus took place. On the other hand, the addition 
of only a trace of these compounds is advisable, because should an 
excess be present the amount of indigo produced is rather decreased 
than increased thereby. 

But whilst both ammonia and lime water in suitable amount 
partially inhibit the secondary change of the indoxyl referred to above, 
a third factor, well known to manufacturers, comes into play, which 
is represented by the production of notable amounts of indirubin. 
For the formation of this colouring matter isatin is necessary, and it 
is likely that, in the presence of a large amount of the above reagents, 
an excessive production of this substance occurs, and occasions the 
decreased yield of indigo which, under these circumstances, has been 
shown to take place. It has, in fact, been pointed out by Perkin 
(Chem. Soc. Proc., 1907, 23, 30) that traces of isatin exist in Java 
indigos, which are rich in indirubin. 

Curiously enough the presence of a trace of hydrochloric acid 
during the oxidation acts in the same manner as ammonia, though 
to a less extent, in increasing the yield of colouring matter, but in 
this case the reaction proceeds much less rapidly. The employment 
of pure oxygen with neutral solutions of indoxyl gives 3—4 per cent, 
less colouring matter than is obtained when air alone is employed, 
whereas in presence of ammonia the yield is but little affected. The 
addition of Chile saltpetre to the fermentation vat has been a custom 
of Indian planters for some time, and Rawson (Report on the Cul¬ 
tivation and Manufacture of Indigo, 2nd ed., 1907) states that 
hlthough no increase of colouring matter is thus produced in the 
oxidation vat, the precipitate settles better. The laboratory experi¬ 
ments of Thomas, Bloxam, and Perkin with pure indican corroborate 
this statement. Finally, there is but little difference in the yield of 
colouring matter experienced when the solution of indoxyl is oxidised 
by air at either 30 or 6o°, although, if anything, the advantage is in' 
the case of the higher temperature. 

As a result, therefore, of the employment of acid during the 
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enzyme hydrolysis of indican, and oxidation of the resulting indoxyl 
solution under feebly alkaline conditions, the best yields of colouring 
matter have been obtained. On the other hand, it has not been 
found possible either with synthetical indoxyl or indoxyl derived from 
indican to obtain a quantitative yield of pure indigotin or of an ad¬ 
mixture of this colouring matter with indirubin. In regard to the 
bearing of this work on the commercial process, Thomas, Perkin, and 
Bloxam suggest that the effect of the addition of a small quantity of 
sulphuric or oxalic acid to the fermentation vat should be studied. 
They consider, however, that the most satisfactory laboratory results 
on the preparation of indigotin from the plant extract, or from pure 
indican, are given when the solution is hydiolysed by hydrochloric 
acid, with simultaneous oxidation by air. The cost of hot water 
extraction of the plant is, however, considered by Rawson to be 
prohibitive. 

Bacterial Fermentation. —Though in the manufacture of indigo, 
hydrolysis of the indican is mainly due to the action of its specific 
enzyme indimulsin, it is well known that the bacteria which are 
present exert a similar although minor effect. 

In 1887 Alvarez (Compt. rend., 115,286) isolated from an extract 
of the indigo plant, an organism Bacillus indigogenus, which was 
capable of producing this fermentation. Beyerinck (loc. cit.) who 
studied the matter in considerable detail, points out that a similar 
effect is produced by infecting indigo plant infusions with garden 
soil, and that in this case the common gas-producing bacteria perform 
the chief part. Alvarez, he suggests, went too far in insisting on the 
existence of a specific bacterium in indigo fermentation. On the 
other hand, Bergtheil (loc. cit.) considers that at least one organism 
capable of producing indigo fermentation is invariably found in 
large quantities in an infusion of the plant. This corresponds very 
closely with the description given by Alvarez of his Bacillus indigo- 
genus, and is no doubt identical with it. 

Manufacturk of Indigo. 

. Water .—Pure water in large quantity is necessary for the manu¬ 
facture of natural indigo (Crookes, 11 Handbook of Dyeing and 
Calico Printing,” 1874; “Indigo Manufacture,” Bridges-Lee, 1892; 
Rawson, Report on the Cultivation and Manufacture of Indigo, 
1902). When such is not available, Bridges-Lee recommends its 
purification, if hard, by treatment with lime water, and should much 
organic matter be present by the use of permanganate. Rawson 
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also lays stress on this point, and recommends a similar method of 
procedure. In special circumstances the employment of alumino- 
ferric is advisable (Bergtheil, 1909). As the duration of the fermen¬ 
tation varies with the temperature of the water, Rawson recommends, 
in case this should be lower than 90° F., a preliminary heating in the 
reservoir. 

Fermentation .—The duration oi this process is given by Crookes 
(loc. cit .) as nine to fourteen hours, according to the prevailing tem¬ 
perature of the water, whereas Georgievics (Der Indigo, 1892) sug¬ 
gests eighteen hours when the external temperature is 35’6° C. In 
very hot weather the fermentation is completed in six hours. Ac¬ 
cording to Rawson (loc. cit.) when the temperature of the fermenta¬ 
tion vat is from 90—92° F. a twelve hours’ steeping gives the best 
result in the case of the / snmatrana; whereas Bergtheil (Indigo 
Research Station, Sirsiah, 1906) is of opinion that a ten hours’ fer¬ 
mentation is sufficient. With the 7 . arrecta the steeping should vary 
from thirteen to fifteen hours at 90°, according to the indican con¬ 
tent of the plant. In other respects, according to Rawson and 
Bergtheil, there is practically no improvement necessary in the 
steeping operation as carried out in well-managed factories. The 
addition of such chemicals as mercuric chloride, sodium and potassium 
carbonates, lime, carbolic acid, formaldehyde, and sugar are not of 
advantage, although sodium nitrate, which has been employed by 
planters for many years past, may facilitate the deposition of the 
indigo in the oxidising vat. On the other hand, the work of Thomas, 
Bloxam, and Perkin indicates as beneficial the curtailment, as far as 
possible, of the steeping operation, and the addition of sulphuric or 
oxalic acid in small quantity to the vat as advantageous. 

Hot-water Extraction .—The extraction of the indigo plant with 
hot water has been employed for many years, and in Bancroft’s 
“Philosophy of Permanent Colours” an account is given by Dr. 
Roxburgh, dated 1797, of such a method:— 

“ The hot-water process begins to be used over these provinces 
. . . with it they can make indigo when the weather is too cold for 
the usual process of fermentation, and it gives a more beautiful and 
lighter indigo. ... A more complete and certain extraction of the 
basis of indigo is effected by subjecting the plant to the action of 
water heated to about 150—160° F.” Bridges-Lee (toe. cit.) claims 
an advantage by the employment of hot water, and heats the con¬ 
tents of the steeping vat gradually, either by direct fire or steam 
pipes. It is also well known that the Java planters who have em¬ 
ployed the I. arrecta for several years past have favoured a hot- 
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water process, and although the exact details of their methods have 
not been disclosed, it is certain that sulphuric acid is also employed 
in the manufacture. Perkin (Chem. Soc. Trans., 2907, 91, 435) 
refers to samples of Java indigo prepared by three distinct methods, 
viz. “the new process with hot water," “the new process with cold 
water," and “the old process in which no chemicals are used”. 
There can be no doubt that by these hot-water processes the indican 
is very rapidly hydrolysed by the ferment, and that the indigo 
eventually produced is of a superior quality. During this hot ex¬ 
traction it appears preferable, as far as possible, to exclude air from 
the vat by means of a cover, and the necessity in this case is easy to 
understand because the evolution of carbon dioxide and other gases 
which act as a protection to the indoxyl during the ordinary process 
of fermentation, is greatly decreased when operating in this manner 
(Roxburgh, loc. cit.). Rawson {lot. ft'/.) who refers to a patent No. 157, 
1892, granted to A, Schulte in Hofe, for manufacturing indigo on 
these lines, and also to Henly’s “ heating process of 1888,” carried 
out numerous experiments on this subject with the /. suma/rana. 
In order to economise fuel the indigo plant was, in the first instance, 
extracted by the accumulative method; but, contrary to expectation, 
this did not give such good results as a simple extraction in ordin¬ 
ary vats fitted with perforated steam pipes. He finally concludes, 
however, that except in wet or cold weather the hot-water system 
offers no advantage over ordinary steeping carried out under favour- 
’able conditions. The indigo made by this method was, however, of 
better quality (75—77 per cent.) than that made in the ordinary way 
(50—55 per cent.). In regard to extraction of the plant by means of 
boiling water, or extraction by steaming, Rawson considers that the 
cost would be prohibitive. 

When the fermented liquid is run into the oxidising vat, the 
residual plant still contains a small quantity of indoxyl. The question 
of a second steeping in order to recover this is referred to by Rox¬ 
burgh as early as about 1797; he considers that a considerable 
economy would probably be effected thereby; but Rawson’s (lot. 
cit.) experiments in this direction gave an unsuccessful result. 
Thomas, Perkin, and Bloxam (loc. cit.) suggest that the employment 
of a slightly acid water for this . purpose should be advantageous, 
and that the amount of indoxyl retained by the plant residue is 
probably greater than ihe 5 per cent, (on the total colouring matter) 
believed by Rawson to be present. The extracted plant, known as 
“ seet,” is a valuable manure. 

The Oxidation Vat .—Although the oxidation of the fermented 
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liquid was until very recently carried out to some extent by “ hand 
beating,” a method practised over a century ago, according to Ban¬ 
croft (loc. tit.), this operation is commonly effected by machinery. 
The apparatus is identical with, or very similar to, the “beating 
wheel," a rimless wheel, the spokes of which are paddles, and which 
is now very generally employed in India. Geneste in 1888 patented 
the pumping in of air, and Bridges-Lee (loc. tit.) in r8gi a shower- 
bath arrangement, as improvements in the method of oxidation. 
Rawson, again (1902, Eng. Pat., 173), proposed to treat the liquid 
with acid and an alkaline persulphate; but although excellent 
results were obtained in the laboratory, these were not satisfactory 
on the manufacturing scale. As the outcome of an elaborate in¬ 
vestigation, Rawson considers that the oxidation of the fermented 
liquid by blowers and compressors is superior to wheel beating, the 
yield being thereby increased about 20 per cent. 

It has long been the custom to facilitate the deposition of the 
indigo by what were termed “ precipitants,” and experiments are 
recorded by Roxburgh, who employed for this purpose ammonia, 
stale urine, caustic lye, lime water, and potassium ferrocyanide. 
That such chemicals must be considered to have assisted in the 
more rapid oxidation of the indoxyl is certain, and their effect is not 
to be confused with the mere settlement of the indigo by the use of 
slaked lime, as adopted by tiie Chinese. 

In 1894 Coventry patented a process which was based on the 
employment of lime under certain conditions. The invention con¬ 
sisted in the employment of a special vat intermediate between the 
steeping and oxidising vats, in which the fermented liquid was 
treated with lime. A copious precipitate of calcium and magnesium 
carbonates was thus produced, which on settling carried down 
various impurities. The supernatant liquid was then oxidised in 
the usual manner. The indigo thus produced is somewhat con¬ 
taminated with lime, and the removal of this is subsequently effected 
by the addition of a certain amount of acid to the “ mal ” in the 
boiler. Indigo prepared in this manner is of superior quality, and 
although not equal to the Java product resembles the latter in con¬ 
taining some quantity of indirubin. According to Rawson a sub¬ 
stantially increased yield of colouring matter is given by this process! 

Caustic soda added to indigo liquor before oxidising behaves 
very similarly to lime, and on the large scale gave an increase of 
43 per cent, of dry indigo as weighed. Sodium peroxide also gave 
an average increase of 33 per cent., but on the whole was not? so 
serviceable as caustic soda (Rawson). 
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The oxidation of the fermented plant extract in the presence of 
ammonia, first mentioned by Roxburgh (lac. cit.), was patented by 
Michea in 1876, whereas Geneste in 1889 suggested the use of 
caustic soda and ammonium sulphate instead of liquid ammonia itself. 
The use of ammonia is mentioned as beneficial by Georgievics ( loc . 
cit.), and there appears to be no doubt that it is superior to the other 
reagents which have been employed for this purpose. In its presence 
the indoxyl is rapidly oxidised to indigotin, and the precipitated 
colouring matter settles well. The more general employment of 
ammonia in India has resulted from the work of Rawson, and its use 
in conjunction with the steam injector blower constitutes the most 
important improvement which he has recommended to the notice of 
the indigo planters. The procedure adopted by Rawson consists 
briefly in connecting the outlet of an ammonia still (containing lime 
and ammonium sulphate) loosely with the steam blower, so that 
when in action, ammonia, air, and steam are injected into the vat by 
means of perforated pipes laid at the bottom of the receptacle. 
During the operation the temperature rises 10—15° F-, an d the 
oxidation is rapidly completed. The employment of ammonia gas 
and steam in connection with the beating wheel gives also satis¬ 
factory results. By these methods Rawson describes increases in 
the yields of dry indigo, varying from 37—63 - 8 per cent., and con¬ 
siders that the average increase of colouring matter is about 34 per 
cent, as compared with that given by the ordinary oxidising process. 

• On the other hand, Bergtheil (Report of the Indigo Research 
Station, Sirsiah, 1906, 6) states that the ammonia process effects 
very little, if any, improvement over ordinary oxidising when this is 
carried out under optimum conditions of speed, weather, etc. 

After the indigo has settled in the vat, the supernatant liquid, 
or “ seeth ” water, is run off as completely as possible. This seeth 
water, as a rule, contains more or less colouring matter in suspen¬ 
sion, and it is during this operation that a considerable loss of indigo 
occurs, which may reach as much as 20 per cent. (Rawson). This, 
as a rule, is much reduced by using an alkali in oxidising, on account 
of the readier settlement of the precipitate. Rawson found that 
filter pressing cannot be employed for recovering the indigo, but 
suggests treating the “seeth ” water with an alkali which causes the 
suspended indigo to more readily subside. On the other hand, 
Bergtheil (1909) recommends the employment of alumino-ferric as an 
aid to the deposition of the indigo precipitate in the oxidation vat. 

Final Treatment oj Indigo .—According to Bancroft (loc. cit.) it 
was the practice of some manufacturers in the East Indies to purify 
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their indigo by boiling it with water and fossil alkali (soda), whereas 
Roxburgh, as well as de Cosigny,-recommended also the action of 
a diluted sulphuric acid. The more general procedure, until very 
recently, in India has consisted in merely boiling the semi-fluid 
indigo paste in a large cauldron, but the addition of dilute sulphuric 
acid appears now to be generally adopted. According to Rawson 
the' quality of the indigo may be in this way improved 5—10 per 
cent. At the close of the operation the indigo is allowed to settle, 
the acid liquid run off, and the precipitate treated with fresh water 
and again boiled. 

The subsequent filtering, pressing, and drying operations call for 
no special comment. The slow drying of the product appears to be 
most advantageous, and in this way an indigo of slightly higher 
percentage than when the mass is dried artificially is obtained. 
This is accounted for by the fact that certain impurities of the 
indigo in the presence of moisture undergo gradual decomposition 
with evolution of ammonia and other gases. 

Briggs (Pat. Spec. 292, 1906) devised an apparatus for drying 
the indigo paste, and simultaneously converting it into powder. 
An illustration of this machine, essentially a revolving drum, ap¬ 
pears in Bergtheil’s Report, 1906, 12. Attempts, moreover, are 
being made to place natural indigo on the market in the paste 
form (ibid., 1910). 

Constituents ok Natural Indigo. 

In addition to indigotin, natural indigo contains varying propor¬ 
tions of indirubin, indigo brown, indigo gluten, and mineral matter. 
Indigo yellow or kaempferol is also present as a rule when the 
I. arrecta has been employed for the manufacture. 

Indirubin .—The identity of the natural indirubin or indigo red 
with the artificial product prepared according to Baeyer’s method 
{toe. (it.), about which there was formerly some controversy, appears 
now to be fully established (Marchlewski and Radcliffe, J. Soc. 
Chem. Ind., 1898, 17, 434). Bloxam at one time (Chem. Soc. 
Trans., 1905, 87, 979) considered that a red substance other than 
indirubin was present in some quantity in natural indigo, whereas 
Bergtheil (Report of, the Indigo Research Station, Sirsiah, 1906) 
has stated that “ decisively there is more than one red body in most 
commercial indigos”. The investigation of numerous samples of 
the dyestuff by Perkin and Bloxam (Chem. Soc. Trans., .1907, 91, 
279, and 1910, 97, 1461) indicate, however, that this is not the 
case. Whereas certain varieties of natural indigo, notably Java and 
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Coventry process indigos, contain notable amounts of indirubin, it 
is probable that a trace occurs in all samples of the natural dyestuff. 
That the indirubin originates from the indican existing in the leaves 
of the various species of Indigofeta, and is due to no second con¬ 
stituent of the plant, is now certain, and its production- is to be ex¬ 
plained in all' cases as due to the condensation of isatin with indoxyl. 
Thus it has been shown by Thomas, Bloxam, and Perkin (loc. tit.) 
that indigo containing indirubin can be readily produced from 
indican by a repetition of the factory method, and again, isatin itself 
has been isolated from natural indigo rich in indirubin (Perkin, 
Chem. Soc. Proc., 1907, 23, 30). The formation of the isatin is 
favoured by special circumstances such as the oxidation of the 
indoxyl by air in the presence of alkali or acid, and may also be 
affected to some extent by temperature. That indoxyl can be con¬ 
verted into isatin without an intermediate formation of indigotin 
has been shown by the Badische Anilin und Soda-Kabrik (D.R.P., 
107719, 1898), and it has been found by Perkin (Chem. Soc. Trans., 
1909, 85, 847) that indoxylic acid, on long standing in the presence of 
moist air, is converted chiefly into indirubin, although some quantity 
of indigotin together with a substance, probably indigo brown, and 
traces of isatin are simultaneously produced. Again, it has been 
pointed out (Thomas, Bloxam, and Perkin) that the indican present 
in air-dried leaves of the indigo plant slowly disappears, and, accord¬ 
ing to Perkin (private communication), this is accompanied in most 
eases by a development in the leaf of considerable quantities of 
indirubin. It appears probable that this so-called "secondary” 
oxidation of the indoxyl proceeds according to the following 
scheme:— 
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and may also be indirectly the cause of the production of indigo 
brown. The following are the results of analyses illustrating the 
percentages of indirubin and indigotin in certain indigos (Bloxam 
and Perkin):— 

Java Indigo.—New process with hot water. 


a_. Total Colour- 

Sample - ing Matter. 

Indigotin. 

Indirubin. 

I. 75-20 

6776 

7-43 

2. 73'6o 

63-86 

9 ' 5 i 

6. 62-91 

57-35 

5-01 
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with dilute acids, produces the very similar indoxyl brown, and the 
isolation of brown substances, although in trifling amount, from 
indigo prepared by the hydrolysis of pure indican in the laboratory, 
harmonises with this suggestion. 

Beyerinck (Proc. Roy. Akad. Scien. Amsterdam, 1899, 120) 
observed that the disappearance of indoxyl in a dyeing woad ( Isatis 
tinctoria ) leaf is accompanied by the appearance of brown substances. 
Again, he states that “ strong acids, just as alkalis . . . favour the 
formation of indigo from indoxyl, but then part of this substance 
constantly changes into a brownish-black matter". It has also been 
noted by Thomas, Perkin, and Bloxam that the disappearance of 
indican in the leaves of the I. sumatrana on keeping is accompanied 
by the formation of brown extractive matter, Rawson, again (Report 
on the Cultivation and Manufacture of Indigo, Mbzzufferpore, 1904), 
says, “The blower ... by quickly getting rid of C 0 2 gas . . .• 
prevents decomposition of a portion of the colouring matter into 
worthless brown substances, which takes place to a greater extent 
under other conditions ”, All indigos, moreover, appear to contain 
indigo brown, so that this property is irrespective of their origin, 
which may have been due to such distinct plants as the Indigo/era, 
the Polygonum Unctorium, or the Lonchocarpus cyanescens of West 
Africa. Finally, it has been shown by Perkin (loc. cit.) that among 
the decomposition products of commercial indoxylic acid which has 
been kept for a long time, a brown compound exists, which has a 
very similar percentage composition, and is probably identical with' 
the main constituent of indigo brown. It is quite possible that 
indoxylic acid is produced during the fermentation process (Perkin), 
(cf Ranking, loc. cit.), and may be concerned in the formation of 
this product. The percentage of indigo brown soluble in pyridine 
in natural indigos is very variable, and appears to depend upon the 
details of manufacture. Analyses made by Bloxam and Perkin 
(Chem. Soc. Trans., 1910, 97, 1472) gave the following result:— 


Java indigo, 

Java indigo, 

Java indigo, 

Coventry 

New 

new process, 

new process, 

ordinary 

process 

Bengal 

hot water. 

cold water. 

process. 

indigo. 

indigo. 

S '4 

5'2 

4 'iS 

8'7 

9*60 


Except in the case of the Coventry process indigo, these samples 
had all been derived from the I. arrecta. The average amount of 
crude indigo brown—containing, however, some mineral matter—in 
numerous samples of Bengal indigo prepared from the I. sumatrana 
was 14 per cent. (Chem. Soc. Trans., 1907, 297). 
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Indigo brown dissolved in alkaline hydrosulphite solution does 
not colour cotton fabrics, though woollen material dyed with natural 
indigo and stripped by the method of Green, Gardner, Frank, and 
Lloyd (loc. cit.) frequently possess a light brown tint which is probably 
due to the presence of this compound. The amount, however, 
remaining in this way on the fibre is not sufficient to materially 
strengthen the colour effect, and the frequently asserted superiority of 
the natural over the artificial* variety of indigo can hardly therefore 
be accounted for in this manner. 

Indigo Gluten .—Indigo gluten was first isolated from crude indigo 
by Berzelius (Berz. Jahresb., 7, 26) who extracted it with dilute acid, 
neutralised the extract with chalk, evaporated to dryness and dis¬ 
solved out the gluten with alcohol. It was subsequently prepared 
by Orchardson, Wood, and Bloxam (J. Soc. Client. Ind., 1907, 26, 
’4), who describe it as a horny mass, which on grinding gives a light 
biscuit-coloured powder, and when heated evolves ammonia. In 
cake indigo it appears to exist in combination with mineral matter, 
possibly as a calcium compound, for though itself readily soluble in 
water, it can only be removed from the dyestuff by means of dilute 
mineral acid. A considerable quantity of this substance is frequently 
present in indigo, and Perkin and Bloxam (loc. cit.) found that when 
the crude Bengal variety containing approximately 62 per cent, of 
indigotin was digested with dilute hydrochloric acid, it lost 21'5 per 
cent, of its weight. This figure naturally includes some quantity of 
mineral matter simultaneously removed by the acid. It has been 
suggested that this compound plays an important r6Ie in the dyeing 
operation, and accounts in part for the alleged superiority of natural 
over artificial indigo. This point, however, has not been scientifi¬ 
cally investigated. 

Indigo Yellow .—The first application of the term "Indigo 
yellow ’’ to a substance existing in natural indigos is due to Botley 
and Crinsoz (Jahres., 1866, 573) who state that it is to be found in the 
Bengal variety, andean be isolated by sublimation. It is described 
as golden-yellow needles, subliming at 130'', and soluble in soda lye. 
Crude Bengal indigo, however, gives no sublimate of this character 
(Perkin, Chem. Soc. Proc., 1906, 22, 198), but by submitting refined 
indigo, or the commercial synthetical variety to sublimation with 
limited access of air, a trace of a yellow compound, C 15 H 8 0 2 N5, is pro- 
. duced. This substance, however, is insoluble in alkaline solutions, 
and cannot, therefore, be the indigo yellow of Bolley and Crinsoz. 

Rawson (J. Soc. Chem. Ind., 1899, 18, 251) detected in Java 
indigos a'yellow compound, present usually to the extent of 2— 3 per 
got 
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cent., although in one special sample as much as about 20 per cent, 
occurred. This substance was soluble in alkalis with a yellow 
colour; on heating it partially sublimed, and had the properties of 
an adjective yellow dyestuff. A more recent investigation (Perkin, 
Chem. Soc. Proc., 1904, 20, 172) has indicated that this in reality is 
kaempferol — 


HOi 


/ 0 X> 

\ /C.OH 
OH Xco 


a trihydroxyflavonoi known to exist (Chem. Soc. Trans., 1902, 81, 
587) in the flowers of the Delphinium consolida (Linn.) and other 
plants. Ultimately it was shown that the leaves of the I, arrecta, 
from which Java indigo is prepared, contain sometimes as much as' 
4 per cent, of a glucoside, kaempfcritrin , C.-HjAr, almost colour¬ 
less needles, melting-point 201—^203°, which when digested with 
acid gives kaempferol and rhamnose— 

C 27 H 3 A, + 4AO = QjHuO, + 2 C 4 H 13 0 s, H 2 0 

This compound is not hydrolysed by the indigo enzyme, and no 
enzyme has as yet been isolated from the plant possessing such a 
property. It is likely (Chem. Soc. Trans., >907, 91, 435) that the 
use of sulphuric acid, when manufacturing Java indigo, may result 
in the contamination of the dyestuff with kaempferol. When the wet 
indigo sludge or “ mal ’’ is boiled in the “ mat ” boiler with addition 
of a little of the acid, the kaempfcritrin present in the adhering water 
will be hydrolysed, and the insoluble colouring matter remain with 
the indigo. Samples of Java indigo more recently obtained con¬ 
tained only a trace (o’2 per cent, approx.) of kaempferol, whereas in 
a sample of the new Bengal indigo manufactured from the I. arrecta 
approximately the same quantity was detected (Perkin, private com¬ 
munication). If indigo mixed with kaempferol is cautiously sublimed 
the sublimate then contains appreciable quantities of this yellow 
colouring matter, and it seems likely, therefore, that this is in reality 
the indigo yellow of Bolley and Crinsoz, but that the indigo experi- 
ntented with by these authors did not, as they supposed, originate 
from Bengal. The leaves of the I. sumatrana, the Indian indigo 
plant, contain but the merest trace of a yellow dyestuff resembling 
kaempferol, but according to Henry (Gnielin’s Handbook of Chem., 
1846, 13, 50) the Polygonum tinctorium, or Chinese indigo plant, 
contains appreciable quantities of a yellow colouring matter. 
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Seeth Water. 

When “ seeth " water, the liquid from which the indigo precipi¬ 
tate settles out at the conclusion of the oxidation process, is evapor¬ 
ated to dryness, yellowish-brown to deep brown residues are obtained. 
These products are extremely hygroscopic and when ground emit 
an odour resembling that of decayed cheese. Three samples of 
this material were examined by Perkin (Chem. Soc. Trans., 1916, 
109, 2ti), the first and most important of which, derived from 
water drawn from an oxidation vat in the Purtabphore factory in 
India, represented 075 per cent, of the original liquid. As in the 
process of manufacture 100 parts of I. suma/rana underwent fer¬ 
mentation in the presence of 540 parts of water, this residue corre¬ 
sponded to 4 per cent, of the original plant. Sample (i) consisted 
of evaporated drainings from the mahl table of the same factory and 
formed 077 percent, of the original liquid, whereas the origin of 
sample ( c ) was doubtful. 

The samples were neutral, in the main dissolved readily in water, 
and these liquids on acidification emitted a strong odour of volatile 
aliphatic acids. When incinerated, all yielded considerable amounts 
of mineral matter which consisted mainly of the oxides of calcium 
magnesium and potassium, traces of manganese oxide and alumina 
being also present. 

When agitated with boiling water, a small amount of an in¬ 
soluble brown precipitate separated which in appearance closely 
resembled indigo brown, and was found to consist of a mixture of 
compounds of variable nitrogen content. The main constituent 
isolated as a dark brown amorphous powder, gave on analysis 
C = 6570; H => 5-07; N = 8-03 per cent., figures somewhat 
lower than those found for the main constituent of indigo brown 
(loc, cit.), whereas the more soluble fraction again contained still more 
oxygen, C = 647 ; H = 5 0; N = 4 6. From the neutral filtrate 
a small amount of succinic acid was isolated, the main bulk, ap¬ 
proximately ao per cent, of the “ seeth ” water residue, consisting 
of a protein-like compound (N = 8 22) which on heating evolved 
ammonia and in general property resembled the so-called “ indigo 
gluten " of crude indigo. It consisted of a friable mass, and to the 
presence of this substance the very hygroscopic nature of the dried 
“ seeth ”• residue was evidently due. 

The following table illustrates the main results obtained by tie 
analysis of the three samples of “ seeth ’’ water residue:— 
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„ (4) 

Per cent. 

(»> 

Per cent. 

„ (0 
Percent. 

Nitrogen. 

2'25 

277 

2*72 

Aah. 

» 7’30 

25-90 

26-87 

Volatile acids .... 

23-80 

21*04 

— 

Succinic acid .... 

2'2I 

2*18 

— 

Brown matter. 

5 - 5 s 

12*03 

iri8 

Indigotin. 

o*i8 

0*10 

0-082 


The Analysis of Indigo. 

The methods which have been proposed for the analysis of indigo 
are of a varied character, and the literature upon the subject is ex¬ 
tremely voluminous. 

These may be classified as follows: methods (a) involving the 
extraction of impurities with volatile solvents (Schiitzenberger, Die 
Farbstoffe, ii., 526); (b ) the extraction of indigotin with coal-tar oil 
(Stein, Die Priifing der Zeugfarben); with aniline (Hbnig, Zeitsch. 
angew, Chem., 1899, 280); with phenol (Brandt, J. Soc. Dyers, 
1898, 34); with naphthalene (Schneider, ibid., 1895, 194); with 
nitrobenzene (Gerland, J. Soc. Chem. Ind., 1897, 108); with aceto- 
sulphuric acid (Mohlau and Zimmermann, Zeitsch. farb. text. Chem., 
1903, 10, 189); ( c ) the extraction of indigotin by sublimation (Lee, 
Chem. News, 1884); (d) the extraction of indigotin by processes of 
reduction, lime, and ferrous sulphate (Berzelius), stannous chloride 
and caustic soda (Dana, Jahres. f. prakt. Chem., 26, 398), zinc 
and caustic soda (Owen, Amer. Chem. J., 10, 178), grape sugar, 
alcohol and alkali (Fritzsche, Dingl. poly. J., 1842, 86, 306), and 
hydrosulphite and lime (Rawson, loc. cit.) ; (e) estimation of nitrogen 
(Voeller, Zeitsch. angew. Chem., 1891, no). 

More important, however, are the methods based upon the titra¬ 
tion of a solution of the sulphonated indigo by oxidising agents (/) 
chlorine water (Berzelius), chloride of lime (Chevreul, “ Le90ns d. 
chem. appliq. de la teinture,” ii.), potassium chlorate and hydrochloric 
acid (Bolley, Dingl. poly. J., 119, 114), potassium dichromate and 
hydrochloric acid (J. pr. Chem., 185 r, 18, and Schlumberger, Bull, 
de la Soc. Mullhouse, 1863, 210, 284), potassium dichromate and 
oxalic acid (Kinley, Chem. News, 1863, 210, 284), potassium ferri- 
cyanide (Ullgren, Annalen, 136, 96), and potassium permanganate 
(Mohr, Dingl. poly. J., 132, 363), and by reducing agents (g) sodium 
hydrosulphite (Mailer, Ber., 1880, 13, 2283), and titanous chloride 
(Knecht, J. Soc. Dyers, 1904, 97, and ibid., 1905, 292). 
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Finally, (A) colorimetric methods (DingL poly. J., a 7, 54, and 40, 
448); (i) spectrum analysis (Wollf, Zeitsch. anal. Chem., 17, 65, 
and ibid,, 23, 92); and (i) dye trial methods (Chevreul, loc. cit., and 
Grossmann, J. Soc. Dyers, 1897, 134) have been proposed. 

Of these methods of indigo analysis, modifications of Mohr’s per¬ 
manganate process are most generally employed, although others 
involving the reduction of sulphonated indigo with titanous chloride 
and sodium hydrosulphite are to some extent in vogue. 

The Permanganate Methods. —In order to eliminate the error due 
to the oxidising action of permanganate upon substances other than 
indigotin which are present in natural indigo, Rawson, who has been 
the pioneer in this respect, has devised two processes. 

Salting-out Method. —0-5 gram of finely powdered indigo mixed 
with its own weight of ground glass is sulphonated in a porcelain 
'crucible by means of 20 c.c. of concentrated sulphuric acid at 70° 
for |—1 hour; the product is diluted with water to 500 c.c. and 
the liquid filtered to remove insoluble impurities. 50 c.c. of this 
solution are mixed with 50 c.c. of water and 32 grams of common 
salt, and after standing for 1 hour the precipitated sodium indigotin 
sulphonate is collected and freed from certain soluble impurities by 
washing with about 50 c.c. of salt solution (sp. gr. 1-2). The pre¬ 
cipitate is dissolved in hot water, treated with 1 c.c. of sulphuric acid, 
diluted to 300 c.c., and titrated with a solution of N/50 potassium 
permanganate. The liquid gradually takes a greenish tint, and the 
final disappearance of this constitutes the end point of the reaction. 
According to Rawson, 1 c.c. of the N/50 permanganate corresponds 
to 0 0015 of pure indigotin (J. Soc. Dyers, 1885, 74 and 201 ; “A 
Manual of Dyeing," Knecht, Rawson and Lowenthal, 1910, 817). 
Such a factor, however, according to Bloxam (loc. cit.) gives too high 
figures even with pure indigotin, and this has been corroborated by 
Frank and Lloyd (ibid., 2913, 226) who consider 0-00147 as more 
correct, and with this Rawson (ibid., 1914, 21) is now in agreement. 

Barium Chloride Precipitation Process. —0 5 gram of indigo is sul¬ 
phonated as before, and after diluting with water, but before making 
up to 500 c.c., to c.c, of a 20 per cent, solution of barium chloride 
aip added. The barium sulphate formed carries down with it the 
suspended impurities of the indigo, and the clear liquid can be 
pipetted-off and titrated as before. The results are practically iden» 
ticai with those given by the “ salting out ” method (Rawson, J. Soft 
Chem. Ind., 1899, 252). * 

- Bloxam (ibid., 1906, 735) notes that the barium precipitate thus 
produced is always coloured blue, and this is confirmed by Bergtheii 
SOS 
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and Briggs (ibid., 1906, 7*9). The latter authors contend that the 
results given by this modification of Rawson are therefore too low, 
and consider that this defect is obviated by adding instead of barium 
chloride freshly precipitated barium sulphate to the indigo mixture. 

Grossmann (ibid., 1905, 308) throws down the impurities from 
the indigo solution with calcium carbonate. Bergtheil and Briggs 
(loc. cit.) and also Bloxam (loc. cit.) find that some quantity of the 
colouring matter is also precipitated in this way. Knecht, however, 
recommends its successful use even in larger quantity (J. Soc. Dyers, 
1904, 97, and t905, 292) in connection with his titanous chloride 
method ; but Bloxam (loc. cit.) points out that such being the case 
this can only be due to the observance of conditions which are not 
stated in Knecht's paper. 

Hydrosulphite Method. —This process, devised by Muller (Ber., 
1880, 13, 2283), depends upon the fact that sodium hydrosulphite 
(NajSsO^ quantitatively reduces pure indigotin sulphonic acids to 
their corresponding leuco compounds. The solution of the hydro- ’ 
sulphite contained in a stone bottle is covered with a layer of 
petroleum to prevent oxidation and connected with a supply of 
hydrogen gas. By means of a siphon, or other convenient arrange¬ 
ment, the liquid can be drawn into a burette. The solution should 
be equivalent to about 1 c.c.—0-0025 gram °f indigotin, and the 
titrations are performed in an atmosphere of hydrogen or coal gas. 

Titanous Chloride Method. —This reagent is much more stable 
than sodium hydrosulphite, and Knecht (J. Soc. Dyers, 1904, 97,' 
and 1905, 292) was the first to recommend its use for the analysis 
of indigo. The apparatus employed is similar in character to that 
required for the hydrosulphite process, and the titration is carried 
out in an atmosphere of carbon dioxide. If the reduction of the 
indigotin is effected by the titanium chloride in the presence of 
mineral acid, no definite end-point can be observed (Knecht), but 
by the addition of salts of tartaric acid this end-point is rendered 
quite definite. 

In working with natural indigo, Knecht (“ Manual of Dyeing ”; 
Knecht, Rawson and LOwenthal, 822) sulphonates r gram of indigo 
with 5 c.c. of 100 per cent, sulphuric acid at 90° for r hour. The 
solution diluted to 300 c.c. is warmed and slowly treated with 12 
grams of chalk, cooled, made up to 500 c.c., and 50 c,c. of the clear 
liquid, to which 25 c.c. of a 20 per cent, solution of Rochelle salt has 
'been added, is titrated whilst boiling with titanium chloride. 

On account of the sparing solubility of Rochelle salt, Bloxam 
(loc. cit.) recommends the use of sodium tartrate, but states that the 
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presence of excess of this or of Rochelle alt (as advocated by Knecht) 
is to be avoided, or otherwise too high percentages of indigotin are 
indicated. In the case of pure indigotin (i gram) sulphonated with 
20 c.c. of ioo per cent, sulphuric acid, and made up to 500 c.c. 
with water, 25 c.c. of this liquid (containing 1 c.c. of acid) requires 
4 grams of the sodium tartrate to give quantitative results when 
titrated with a solution of titanium chloride containing 1 c.c. of con¬ 
centrated hydrochloric acid per 50 c.c. of solution. 

Bloxam (Chem. Soc. Trans., 1905, 87, 975 ; J. Soc. Chem. Ind., 
1906, 25, 735), Orchardson, Wood, and Bloxam (ibid., 1907, 26, 4), 
and Gaunt, Thomas, and Bloxam (ibid., 1907, 26, 1174) have criti¬ 
cally investigated the subject of indigo analysis. Among the 
methods for preparation of pure indigotin, that involving the crystal¬ 
lisation of crude materia! from nitrobenzene was discarded as 
Untrustworthy, but the elaborate process of the B.A.S.F. Co. 
(Brochure, 1900) was found to give a pure substance. On the other 
hand, sublimation under reduced pressure in Jena flasks immersed 
in fusible metal at 370—390°, gave, with synthetical indigo of 92 
per cent, (approx.) a beautifully crystalline substance, which, after 
washing with boiling acetic acid, followed by boiling alcohol, was 
usually chemically pure. The permanganate factor resulting from 
experiments with these specially purified materials was 1 c.c. of per¬ 
manganate solution 1/1000 — o '002 2 2 gram indigotin solution r/5000, 
and is in agreement with that previously adopted by the B.A.S.F. 
Co. Wangerin and Vorlander (Zeitsch. Farben und Textilchemie, 
1902, 1, 281) have stated that indigotin suffers loss of strength by 
oxidation, even when it is sulphonated by 94 per cent, sulphuric 
acid at 95—100° for half an hour, whereas 8 per cent, fuming 
acid gives a deterioration of from 2 to 14 2 per cent, according 
to the time of heating. With the indigotin, however, purified as 
above, Bloxam showed that heating with 20 per cent, fuming acid 
for f of an hour at 97° gave no loss, whereas with 30 per cent, acid 
for 20 minutes at 97°, a deterioration of only 1 per cent, could be 
observed. In both these cases indigotin tetrasulphonic acid was 
produced. 

The Tetrasulphonate Method .—As a result of these experiments 
a method for the analysis of indigo based on sulphonation with fum¬ 
ing acid was devised. 1 gram of the indigo, and 2—3 grams of 
purified sand (powdered glass contains iron, and should not be em¬ 
ployed) is treated with 5 c.c. of 25 per cent, fuming sulphuric acid 
for half an hour in the water oven, and the solution is made up to 
500 c.c. with water, roo c.c. of this solution is treated with too c.c. 
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of potassium acetate solution (450 grams per litre) which causes the 
precipitation of indigotin tetrasulphonate. The mixture is now 
warmed, and on cooling finally in ice-water,* the salt completely separ¬ 
ates in a crystalline condition. This is collected by means of the 
pump on a Gooch crucible, and washed free from the brown super¬ 
natant liquid with a solution containing 90 grams of potassium acetate 
and 5 c.c. of acetic acid in 600 c.c. of water. The product is dis¬ 
solved in 200 c.c. of water, and 20 c.c. of this solution, diluted with 
80 c.c. of water, is treated with 0 5 c.c. of sulphuric acid, and titrated 
with permanganate (1/1000). In order to verify the accuracy of this 
method, Orchardson, Wood, and Bloxam studied the behaviour of 
indigo brown and indigo gluten, the main impurities of indigo, when 
submitted to the analytical process, as this subject had not been 
investigated by previous workers. Indigo brown when sulphonated 
with 96 per cent, acid gives, when dissolved in water, a dark-brown 
liquid, which is attacked by permanganate, though not perhaps so. 
readily as the indigotin sulphonic acids, whereas indigo gluten gives 
similarly a light yellow solution, which is very rapidly oxidised by 
the reagent. On the other hand, kaempferol or indigotin yellow, 
treated in the same manner, gave a product which most readily ab¬ 
sorbs permanganate, and, indeed, Rawson (J. So c. Chem. Ind., 1899, 
251) had already pointed out its deleterious effect in indigo analyses. 
Finally, these authors prepared and submitted to analysis by Bloxam’s 
process mixtures containing known quantities of indigotin and one 
or other of all of these impurities, with the result that the colouring 
matter was thus estimated with considerable exactness. Bloxam 
(Chem. Soc. Trans., 1910, 97, 1473), by an adaptation of the pyridine 
method for the estimation of indirubin [loc, cit.), in which the im¬ 
purities are eliminated by a process of extraction, has analysed natural 
indigos, and obtained the same figures as those given by the tetra¬ 
sulphonate method; Again, by Knecht’s titanium chloride method, 
and employing the modifications above desciibed, this process can 
also be effectively worked. It is only reasonable to suppose, that an 
analysis based on the selective precipitation of the sulphonated 
colouring matter is more likely to be efficient than that which pre¬ 
sumes the deposition of varied impurities of a diverse chemical 
character by one specific reagent, and the somewhat lower results 
given by the tetrasulphonate method, as distinguished from those 
yielded by the processes previously in use, are in reality due to the 

• Prolonged heating should be here avoided, and it is preferable that the 
solution of the tetrasulphonate with its subsequent recrystallisation should be 
effected without unnecessary delay. 
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almost complete elimination of these impurities from the indigotin 
sulphonic acid during the analysis. Rawson {he. cit.) is, however, 
of opinion that the effect of these impurities on the analytical results 
has been much overrated ; but, on the other hand, no experimental 
evidence is given in support of this view (“ Manual of Dyeing,” he. 
(it., 818). 

The action of potassium permanganate on solutions of the 
indigotin sulphonic acids is of interest, because the amount of the 
reagent necessary for the decolorisation of the liquid varies to some 
extent with the concentration (Rawson, " A Dictionary of Dyes, 
Mordants,” etc., by Rawson, Gardner, and Laycock, 1901, 187), At 
the concentrations employed by the B.A.S.F. Co., and adopted by 
Bloxam {he. cit.), 1 gram of indigotin as sulphonic acid requires 0445 
gram of permanganate for decolorisation, whereas the equation 

+ 4KIMnO, 6H2SO4 

, = ioC 6 H 5 0 .,N + 2 K 8 S 0 4 + 4MnSO t + 6 H 2 0 

implies that o'4824 gram of the reagent is necessary. Again, for the 
oxidation under similar conditions of indirubin sulphonic acid con¬ 
siderably less permanganate is required, although the oxidation in 
this case is of a slower character. Bloxam and Perkin (Chem. Soc. 
Trans., 1910, 97, 1462) consider, therefore, that the oxidation is of a 
complex nature, and consists either (a) of two distinct stages in the 
formation of isatin sulphonic acid, o» (i) of two distinct reactions 
jnvolving the production of two separate substances. According to 
the first suggestion the isatin sulphonic acid formation would be pre¬ 
ceded by that of an intermediate compound (1), whereas by the 
latter, in addition to isatin sulphonic acid, a dehydroindigotin sul¬ 
phonic acid (2) may be produced— 


/CO \ /0\ /CO v 

(I) c,h 4 ( >c x x c< }c,h 4 
x nh x x nh x 

(a) C,H./ N V-C^ N )C„H 4 
x CO / x CO x 


In case the first product of the reaction consists entirely 6f de¬ 
hydroindigotin sulphonic acid, this must, prior to further oxidation 
to isatin sulphonic acid, take up two molecules of water with forma¬ 
tion of the sulphonic acid of dihydroxyindigotin (3)— 


/NH. /CO, 

( 3 ) C,H 4 ( >C(OH)C(OH)< )c,h 4 
X CO 7 
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In regard to the very small amount of permanganate required for 
the decolorisation of the indirubin sulphonic acid a similar explana¬ 
tion can be adopted. 

Analysis of Indigos Containing Starch. —It has been shown by 
Thomson (J. Soc. Dyers, 1911, 27, 49) that the indigotin value 
of samples of indigo adulterated with starch when estimated by 
the method of sulphonation and titration with permanganate re¬ 
commended by Rawson and Bloxam give far too low results. Thus 
an indigo containing starch by Rawson’s method gave r8'8 per cent, 
of indigotin, whereas after removing the starch with 4 per cent, 
hydrochloric acid, 3 S'oi per cent, of indigotin was shown to be 
present. On the other hand, according to this author when hydro¬ 
chloric acid is employed in this way for the removal of the starch 
the analytical results are still too low. Frank and Perkin (J. Soc. 
Chem, Ind., April, 1912) corroborated these experiments in so far 
that indigos containing starch give low figures when directly 
analysed, and it seems evident that a destruction of the indigotin 
occurs during sulphonation, and is to be attributed to the reducing 
action of the starch degradation products. As a result, however, of 
numerous experiments, no loss of indigotin could be observed even 
by long digestion of mixtures of starch and indigo with boiling 
dilute hydrochloric acid, and after removal of starch in this manner 
correct figures were always obtained by the employment of Bloxam’s 
tetrasulphonate process. 

Testing of Indigo-dyed Woollen Materials. —An important method 
for ascertaining the quantity of indigo present on such dyed 
materials has been devised by Green, Gardner, Lloyd and Frank 
(J. Soc. Dyers and Cols., 1913, 226; 1914, 15). This consists 
essentially in removing the indigotin from the fibre with boiling 
pyridine in a modified form of Soxhlet apparatus, and subsequently 
concentrating the pyridine solution. The main bulk of the indigotin 
separates as crystals and to complete the precipitation 50 per cent, 
of alcohol is then added. The product is collected, washed suc¬ 
cessively with 50 per cent, alcohol, 2 per cent, caustic soda, hot 
1 per cent, hydrochloric acid, hot water, alcohol, alcohol and ether, 
and finally dried and weighed. It should test too per cent, by the 
tetrasulphonate method. 

For fuller details the original paper should be consulted. 

The Estimation of Indigos Rich in Indirubin. 

It is well known that indirubin is more resistant to oxidation 
and reduction than indigotin, properties which also apply to the 
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sulphonic acids of these colouring matters. When dealing, there¬ 
fore, with sulphonated mixtures of these substances and employing 
either potassium permanganate, titanium chloride, or sodium hydro¬ 
sulphite, the indigotin sulphonic acid is to some extent preferentially 
attacked, so that towards the end of the operation the colouring 
matter consists entirely of indirubin sulphonic acid. In the case 
of the first named reagent, however, Koppeschaar (Zeitsch. anal. 
Chem., 1899, 38, 1) finds that it is not possible to obtain trust¬ 
worthy analytical figures with indigos in which some quantity of 
indirubin is present, although Rawson ( loc. cit.) considers that the 
indirubin may be approximately estimated in this manner. Bloxam 
and Perkin (Chem. Soc. Trans., 1910, 97, 1462), however, support 
the view of Koppeschaar. The latter authors, who also experi¬ 
mented with titanous chloride, show that this reagent behaves in 
an identical manner towards both indigotin and indirubin sulphonic 
acids, but although the former is somewhat preferentially attacked, 

' it is not possible in this way to differentiate as to the amount of each 
of the sulphonated colouring matters which may be present in a 
mixture of the two. On the other hand, according to Knecht, 
Rawson, and Lowenthal (“A Manual of Dyeipg,” 821) indirubin 
present in mixtures of the two colouring matters may be approxi¬ 
mately estimated by the hydrosulphite method. 

For analysis of indigos rich in indirubin, processes of extraction 
based on the greater solubility of the latter have been usually 
•employed. 

Extraction with. Ether (Rawson, loc. cit.). —From o - i to o'25 
gram of the sample is boiled with about 150 c.c. of ether for half 
an hour. When cold the solution is made up to 200 c.c. with ether, 
muted with ro c.c. of water and well shaken. The suspended 
particles of indigotin settle immediately and a clear solution of in¬ 
dirubin is obtained. A measured quantity of the solution is with¬ 
drawn, and compared in a colorimeter with a standard solution of 
indirubin. 

Extraction with Acetic Acid (Koppeschaar, loc. cit.). —The indigo 
is extracted with glacial acetic acid, and the solution, which contains 
a mixture of indirubin and indigo brown, is treated with caustic 
soda. The indirubin, which is thus precipitated, is collected, re¬ 
dissolved in acetic acid, and estimated by comparison with a standard 
solution of the pure colouring matter. 

Extraction with Acetone (Gardner and Denton, J. Soc. Dyers, 
1902, 170).—o-2 gram of the indigo is digested for half an hour 
with 100 c.c. of boiling acetone. After cooling the solution is made 
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up to ioo c.c. with acetone, and then to aoo c.c. with to per cent, 
salt solution, and well shaken. The precipitate of indigotin, indigo 
brown, and other impurities is removed by filtration, and the in- 
dirubin solution estimated colorimetrically with a standard solution 
of indirubin prepared with acetone and salt solution in a similar way. 

Extraction with Pyridine .—Bloxam and Perkin (Ch'em. Soc. 
Trans., 1900, 97, 1460) find, as the result of experiments on 
mixtures of indigotin and indirubin, that neither commercial ether 
nor acetone are reliable solvents for the complete extraction of 
indirubin, and that their action, especially in the former case, is 
chiefly due to the presence of alcohol. Whereas acetic acid is 
efficient in this respect, and Koppeschaar’s process gives approxi¬ 
mately good results, pyridine is a much better solvent, and a method 
for the complete analysis of indigos containing indirubin based on 
the application of this liquid is described by these authors. 

The indigo (o'25—1 gram) evenly incorporated with purified 
sand (20—30 grams) is introduced into a thin-walled glass tube, 
termed the “ container,” closed at one end by means of cotton cloth, 
on which has been placed a layer of asbestos and purified sand or of 
sand alone. Sufficient sand is then added to form a layer on the sur¬ 
face of the indigo mixture, which is then covered with asbestos, and 
the container is now placed in a Soxhlet tube and extracted with boil¬ 
ing pyridine. The extract is distilled down to a small bulk, the resi¬ 
due treated with boiling water and again distilled, and this operation 
is repeated until the last traces of pyridine have disappeared. The 
precipitate, which consists of indirubin together with a little indigotin 
and indigo brown, is collected, freed from the latter by means of 
dilute alkali, and the residue is sulphonated with 5 c.c. of sulphuric 
acid at 100°. The product is dissolved in water, filtered, and the 
amounts of indigotin and indirubin present ascertained by means of 
the Duboscq tintometer. 

.The residue in the container is percolated with water, followed 
with boiling dilute hydrochloric acid to remove indigo gluten, and 
is now introduced into a beaker and dried. The colouring matter 
present is sulphonated with 20 c.c, of sulphuric acid in the usual 
way, the product after dilution is filtered, and the solution of the 
indigotin sulphonic acid is estimated with permanganate, employing 
the directions given by Bloxam (toe. cit.). Analyses of mixtures of 
pure indigotin and indirubin, and also of commercial indigos, are 
given in the paper, and it is also pointed out that by this method an 
approximate estimation of the indigo brown present in the latter can 
be carried out. 
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The Estimation or Indican in the Leaves of Indigo Piants. 

Although some indication of the indigo-yielding capacity of the 
plant can be obtained by ordinary steeping experiments, this method 
was found by Rawson (‘‘Cultivation and Manufacture of Indigo," 
loc. at.) to possess several drawbacks, and numerous experiments 
were therefore carried out by him on the quantitative formation of 
indigo from the leaf extract by the simultaneous action of acids and 
oxidising agents. As regards the latter, ferric chloride, potassium 
chlorate, and hydrogen peroxide were tried, but persulphuric acid 
gave much the best results. 

Persulphate Method .—20 grams of leaves are extracted for two 
minutes with 250 c.c. of boiling water, the solution is strained through 
muslin, and the residues squeezed and washed with boiling water. 
The solution is treated with 5 c.c. of 20 per cent, hydrochloric acid, 
and 40 c.c. of a 5 per cent, solution of ammonium persulphate. The 
persulphate is not added all at once ; at first 2 c.c. are added, after 
half an hour 2 c.c. more, and again 2 c.c. after another half an hour. 
After two hours the remainder of the ammonium persulphate is 
added, and when the mixture has stood for a further period of an 
hour, the indigo is collected and estimated by permanganate in the 
usual manner. Bergtheii and Briggs (J. Soc. Chem. Ind., 1906, 
734) point out, however, that this process of Rawson’s requires 
modification, as the addition of the reagents at such a high tempera¬ 
ture involves a loss of indigotin. The main features of a modifica¬ 
tion of the process devised by these latter authors are the addition of 
acid to the cooled extract, and a determination of the course of the 
reaction, after addition of small amounts of persulphate, by filtration 
of a portion of the mixture and the addition to the filtrate of a trace 
of the oxidising agent. 

Orchardson, Wood, and Bioxam (ibid ., 1907, 40; cf. also Bloxam 
and Leake, “Research Work on Indigo,” Dalsingh, Serai, 1905), 
who employ sulphuric acid and persulphate, arrived independently at 
the same conclusion. To 200 c.c. of the leaf extracts these authors 
add 100 c.c. of a mixture of equal parts of 2 per cent, ammonium 
persulphate, and 4 per cent, sulphuric acid, and the mixture is kept 
at '60° for one hour. A comparison of their methods with that of 
Bergtheii and Briggs indicated an identical result in each case, and 
an increase of 20—25 per cent of pure colouring matter in com¬ 
parison with that yielded by Rawson’s original process. 

The hatin Method .—Beyerinck (Proc. K. Akad. Wetensch,, 1899, 

1 jo), in discussing indican, suggested the possibility that by warm- 
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ing its solution with isatin and acid a quantitative yield of indirubin 
might be produced. Orchardson, Wood, and Bloxam (loc. tit .) have 
employed this reaction for the estimation of the leaf, and have 
devised the following method for this purpose:— 

250 c.c. of extract, equivalent to 5 grams of the leaf, is treated 
with o'r gram of isatin, and the mixture boiled for five minutes to 
expel air, carbon dioxide being passed through the flask. 20 c.c. of 
hydrochloric acid is then added by means of a tap funnel, and the 
whole kept boiling for thirty minutes. The precipitate is collected 
on a tared filter, washed with hot 1 per cent, soda to remove brown 
compounds, then with 4 per cent, acetic acid and dried. An aliquot 
portion of the crystalline product is sulphonated, and analysed by 
the titanous chloride method, adopting the modifications employed 
by Bloxam (loc. tit.). The indirubin thus obtained is usually al¬ 
most pure (98-5 per cent.), so that for an approximate estimation 
the latter part of the process is unnecessary. Gaunt, Thomas, and 
Bloxam (ibid., 1907, 26, 56) have examined the process in greater 
detail, and point out that by its employment pure indican gives 
quantitative figures (cf. also Perkin and Bloxam, Chem. Soc. Trans., 
1907, 91, 90). On the other hand, this method gives considerably 
higher figures, both with pure indican {15 per cent.) and the leaf ex¬ 
tract (23 percent.), than those which are obtained by the persulphate 
process (Orchardson, Wood, and Bloxam ; and Gaunt, Thomas, and 
Bloxam, loc. tit.). The unsatisfactory figures in the latter cases arise 
froth a further oxidation of the indigo by the persulphate. That this 
isatin method does not appear to be affected by other plant con¬ 
stituents was shown by the successful estimation of indican, purposely 
added to an extract of the leaves of the 'Tephernia purpurea (Pers.), 
a plant in which this glucoside is absent. 


Efficiency of the Process. 

The actual yield of indigotin from the plant during the manu¬ 
facture is not discussed by Rawson (loc. tit.), but this author considers 
that if the suggestions enumerated in his report are adopted, there is 
little or no room for a remunerative alteration of the process; Berg, 
theil, on the other hand, considers that under the conditions he 
describes {1906, 12) the efficiency is represented by an 82 per cent, 
yield, or that if to this be added the 3 per cent, believed by Rawson 
to be retained by the extracted plant, 87 per cent, is thus accounted 
for. The quantity of indigo estimated refers to the precipitate 
present in the vat after oxidation, and from this must be, therefore, 
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deducted the indigo (10—roper cent.) lost by the “running off" 
of the “seeth ’’ water, so that the actual yield of dry colouring matter 
may thus represent from 62 —73 percent, of the theoretical quantity. 
Recent experiments, however, indicate that by adding aluminoferric 
to the oxidation a more perfect settlement of the indigo is to be anti- 
cipated (ibid., 1909). 

Bloxam (Dalsingh Serai Report, and J. Soc. Chem. Ind., 1906, 
25, 735), who examined the daily output of indigo (as pressed cake) 
from the Pembarandah factory, found that the first cuttings of the 
plant (Moorhun mahai) represented an approximate value of o - i4gs 
per cent of indigotin from the plant, whereas the second cuttings 
gave a value of but o‘i 526. Assigning to the plant the low value 
of 03 per cent., a considerable and serious loss is thus apparent. 
Moreover, the estimation of the results given by the “ isatin " 
method of leaf estimation, and of the finished cake by the “ tetra- 
sulphonate” process (lac. cit,), both of which have been standardised 
with extreme care, point to a loss during the manufacture much 
greater than has hitherto been acknowledged (Report to Govern¬ 
ment of India, 1908). 

Apart from the retention of indoxyl by the residual plant in the 
steeping vat, and the mechanical carrying over of indigo by the 
“seeth” water, the deficiency of colouring matter is chiefly to be 
attributed to the conversion of indoxyl into products other than 
indigotin. Rawson (lac. cit.) has pointed out that if the fermented 
liquid is allowed to stand before oxidation a considerably decreased 
yield of indigo is ultimately observed. Thus, on the large scale, by 
standing for six hours a loss of 16 1 per cent, was apparent. Perkin 
and Bloxam (lot. cit.) have found as a result of their experiments 
with pure indican, that this alteration or “decay” of indoxyl takes 
place not only in this manner during the fermentation process, but 
they consider that the indoxyl from the moment of its production by 
the hydrolysis of indican until its final conversion into indigotin is 
continually suffering this alteration. This peculiar reaction is, ac¬ 
cording to these authors, considerably inhibited by the presence of 
acid. 


Commercial Natural Indigos. 

When natural indigo was at its zenith very numerous varieties of 
this dyestuff were placed on the market, but more recently, owing to 
its severe competition with the artificial colouring matter, many of 
these are now rarely met with. From Asia came the indigos of 
Bengal, Oudh, Madras, Java, Manilla; from Africa those of Egypt 
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and Senegal; and from America those of Guatemala, Caracas, 
Mexico, Brazil, South Carolina, and the Antilles. 

The best varieties are the Bengal, Java, and Guatemala, although 
in England the Bengal is now mainly employed. Java indigo, 
formerly largely esteemed for the manufacture of indigo extract, 
chiefly because of its general purity, at the present time appears to 
iind its market chiefly in the East. 

A good quality of natural indigo has a deep violet-blue colour; 
it acquires a coppery lustre when rubbed with the finger-nail; it is 
light, porous, adhering to the tongue, and can be readily broken and 
ground. Low qualities, which contain much extractive and mineral 
matter, are dull and greyish in appearance, heavy,'tough, and hard, 
and do not become bronzy by rubbing with the finger-nail. 


The Properties and Syntheses of Inoigotin. 

The history of the determination of the constitution of indigotin 
and of the many syntheses which have been devised for its prepara¬ 
tion, leading as they have done to the successful manufacture of the 
artificial product, constitutes without doubt one of the most interest¬ 
ing chapters in the annals of synthetical organic chemistry. This has 
been dealt with so fully in other manuals that a brief risumi of the 
main features of the subject will only be given here, and to avoid 
detail the main reactions are only expressed by constitutional 
formulae. 

Whereas early work had proved the benzenoid character of 
indigotin, by the production from it of aniline, anthranilic acid, 
picric acid and nitrosalicylic acid and isatin, the commencement of 
a systematic attack on the problem of its structure first dates from 
the work of Baeyer and Knop (Annalen, 1865, 141, 1). 

That isatin, CgHjNOu, was simply related to indigotin, at that 
time expressed as C 8 H 6 NO, appeared probable, and with the hope 
of reconverting isatin into the latter, its behaviour on reduction was 
studied by these chemists. The results obtained, though unsuccess¬ 
ful at first in their immediate object, proved to be of considerable' 
importance, and indeed form the basis from which much of-our 
present knowledge of the subject has been derived. 

When reduced isatin gives dioxindol (1), oxindol (2), and these 
substances are now known to respectively consist of the inner 
anhydrides of o-amino-phenylglycollic (3) and c-amino-phenylacetic 
acids (4)— 



moons group 

.CH. OH, * .CH. OH. COOH 

(t) C.H / \C 0 (3) C,H 4 ( 

'NH-^ X NH, 


/ CH *\ 

<■> c ‘ H < Ntt >° 


(4) QH 4 ; 


-CH S . COOH 


By further reduction indole is obtained, and to this, which was 
subsequently synthesised by Baeyer and Emmerting (Ber., 1869, 2, 
680), by fusing «-nitro-cinnamic acid with potash and iron filings the 
formula 

NH 

C,H 4 ( x ch 

X CH^ 

was assigned (Ber., 1870, 3, 517). 

' The same chemists again by heating isatin with phosphorus 
oxychloride and acetyl chloride under pressure obtained indigotin. 

In 1879 Baeyer and Sinda (Ber., 1878, it, 584) converted 
oxindole into isatin according to the following scheme :— 

,Q=N.OH /CH c NH 2 

C,H/ ).C . OH -» C,H 4 < x C . OH 
x hT x N * 

Nitroso-oxindole. Amino-oxindole. 


Nitroso-oxindole. 


/ co \ 


and such a series of reactions formed the coping-stone of the first 
artificial synthesis of indigotin. 

Isatin (1) is the inner anhydride of «-amino-phenylglyoxylic acid 
(isatinic acid) (2)— 

/CO - /CO.COOH 

(1) C 5 H / )co (2) C,H 4 ( 

X NH / X NH, 


. and such a constitution was predicted for it by Kekule in 1869 
(Ber., 2,748). Isatin, which possessesacid properties and is capable 
of forming metallic compounds, may exist as pointed out by Baeyer 
in two modifications. These are known as pseudo-isatin (lactam- 
isatin) (1) and isatin (lactimisatin) (2)— 

/ c °\ /CO. 

(1) C,H 4 < X CO (2) C,H 4 < X C.OH 
X NH' X N^ 
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A synthesis of isatin from o-nitro-benzoyl chloride was announced 
by Claisen and Shadwell in 1879 (Ber., 12, 350), and the reactions 
involved may be expressed by the following formulae:— 


/ 

' 4 \. 


CO. Cl 


CO. CN 


- C t H^ 
NO, 


/ 

‘ X NO. 
C„H 4 . CO. COOH 

\nh 2 


C«H, 


CO.COOH 


'NO, 

CO\ 

c,h / )CO 


w 


The fact that indole can be prepared from o-nitro-cinnamic acid 
[loc. cit.) and that indole is closely related to indigotin, as indeed was 
shown by Nencki (Ber., 1875, 8, 727), who prepared indigotin by 
the action of osonised air upon an aqueous suspension of indole, led 
Baeyer to experiment on the synthesis of indigo from this same acid 
(Ber., 1880, 13, 254), This object he eventually accomplished by 
the two methods given below 


,CH:CH.COOH CHBr. CHBr. COOH 

W C 8 H 4 < -» C,H 4 ( 

x NO s 'NO, 

o-nitro-cinnamic acid. u-nitro.dibrom-dihydro-cinnamic acid. 

.CSC. COOH 

-* CjH 4 , -» Indigotin 

X NO, 

o-nitro-phenylpropiolic acid. 

,CH : CH . COOH ;CH.(OH).CHCI.COOH 

(i) C,H 4 ( -e CjH 4 ( 

X NO, X NO, 

o-nitro-cinnamic acid. o-nitro-phenylchlor lactic acid. 

.C(OH): CH . COOH 

-» C,H 4 ( -*■ Indigotin. 

x NO„ 

o-nitro-phenylacrylic acid. 

The former method is exceptionally interesting, in that it pro¬ 
vided the basis for the first attempt to manufacture indigo on a 
commercial scale, and though this was hardly successful, the o-nitro- 
phenylpropiolic acid obtained by this method was of some service 
to the dyeing industry, as a means for obtaining indigo prints on 
calico. 

Baeyer, again, in 1882 (Ber., 15,50) announced a further synthesis 
employing o-nitro-phenylpropiolic acid which was important in con- 
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nection with the tonstitution of indigotin. When boiled with water 
tf-nitro-phenylj'iropiolie acid yields e-nitro-phenylacetylene— 


c,h 4 


^hCH . 


and from the copper compound of this (2) by oxidation with ferri- 
cyanide, dinitro-diphenylacetylene (3) is obtained— 

C s C—Cu—Cu—C = C-, 

(2) QH/ >QH 4 

x N 0 3 no/ 

,c=c —c = c, 

(3) QH 4 < /C«H 4 

x no 3 no/ 


.With fuming sulphuric acid this forms diisatogen (4), a compound 
which on reduction gives indigotin (5)— 

,CO—C—C—CO—, 


( 4 ) 

QH/ -| 

X N - 0 

1 


0.N 

(5) 

CO 

QH 4 < >c 

'NH 7 

X NH 


/ 

\ 

/ 


c„h 4 


c„h 4 


fl-Nitro-phcnylpropiolic acid, on the other hand, by the action of 
sulphuric acid (Baeyer, Ber., 1881, 17, 1741) is transformed into its 
isomer isatogenic acid— 


Qh/ 


CO—C—COOEt 

. 1 

N—O 


Reducing agents convert this into ethyl indoxylate (1) which by 
heating gives indoxyl (2)— 


C. OH 

(1) C,H 4 < yC . COOEt 

x NH 7 


/J.ObH 

(2) C S H/ )CH 
v NH 7 


and this latter when oxidised readily passes into indigotin. 

Indoxyl reacts with aldehydes and ketones to form the so-called 
indogenides. Thus with benzaldehyde the indogenide of benzalde- 
hyde (benzylidene pseudo-indoxyl)— 


/ 


CO, 


C,H 4 < : CHPh 

X NH 7 


is produced (Baeyer, Ber., 16, 2188). 
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In a similar way indoxyl condenses with isatin to form indirubin 




/CO 

C \ 

X C,H 


> 


NH 


a colouring matter present in natural indigo (loc. cit.), and which is 
to be regarded as the indogenide of isatin. 

Baeyer in 1883 reviewing the facts here enumerated was enabled 
to deduce the following constitution of indigotin— 


/ C0 \ 

C,h/ )c 

'■MU' 


NH/ 


/ C0 \ 

C< >C„H« 

X NH X 


which is now accepted as correct. The main arguments he employed 
in support of this formula are as follows:— 

1. Indigotin contains two imido groups. 

2. As a result of its formation from diphenylacetylene the carbon 
atoms of indigotin must be arranged in a similar manner to those 
present in this substance— 

C # H 5 . C. C. C. C. CjH 5 

3. Indigotin is only formed from compounds in which the carbon 
atoms adjacent to the benzene ring are united with oxygen. 

4. The properties of indigotin point to the fact that it is closely 
related to indirubin. 

As a result indigotin is to be regarded as the <j-indogenide of 
pseudo-isatin, indirubin itself being the / 3 -indogenide. Owing, 
however, to the lack of activity of the a -oxygen atom in isatin, 
indigotin cannot, like indirubin, be directly prepared from indoxyl and 
isatin. 

In 1882 (Ber., 15, 2856)' Baeyer and Drewsen synthesised ' 
indigotin by the action of acetone on 0-nitro-benzaldehyde in the 
presence of alkali— 

/NOj .CH.OH.CHj.CO.CH, 

C,H/ + CHj. CO. CH, - C,H 4 ( 
x COH x NO, 

o-nitio-bemaldehyde. o-nitro-phenyl-lacto-methyl-ketone. 


/ C °\ 
C|H/ }c 

X NH / 



H, + 2H s O + CH,COOH 


When the acetone is replaced by acetaldehyde o-nitro-phenyl-lactic 
aldehyde (1) is obtained (2), whereas with pyroracemic acid a-nitro- 
cinnamyl-formic acid (2) is produced— 
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XH(OH). CHj. CHO .CH-CH.CO.COOH 

(i) QH/ (a) C.H/ 

x NO a x NO a 

These compounds under the influence of alkali are transformed 
into indigotin. 

Heumann in 1890 (Ber., 33, 2043) devised the synthesis of 
indigotin from phenylglycocoll (phenylglycine). This on fusion 
with alkali is transformed into indoxyl which passes readily by 
oxidation into indigotin— 

HOOC v .CO x 

C,H 5v >CH a = C,H / }CH a + H ,0 
x NH' X NH X 

Pseudo-indoxyl. 

The yield by this method is extremely small, but this can be 
improved by employing in the place of phenylglycine, phenylglycine 
o-carboxylic acid (Heumann, ibid., 3431)— 

.COOH 

C e H 4 < 

"NH.CHj.COOH 


This important reaction forms the basis of the first economical 
synthesis of indigo, the large sale manufacturing operations of which 
were perfected by the Badische Anilin und Soda Fabrik in 1897. 
For the preparation of phenylglycine o-carboxylic acid, naphthalene 
.is employed as the starting-point, and the procedure involved will 
be evident from the following formula 



/CO\ 


0 


Naphthalene. 


x co/ 

Phthalic anhydride. 


/CO\ 


NH 


x CO / 

Phthalimide. 


C,H* 


/ 


COOH 




/ 


COOH 


C H / 

NH a # ‘SiH . CH a . COOH 

Anthranilic acid. Phenylglycine o-carboxylic acid. 

c<\ 


/v 

'•NH'' 

Indoxyl carboxylic acid. 


C 6 H 4 < )CH. COOH 


C,H ‘<nh > CH2 

Paeudo-indoxyl. 


C«H V 


/ C0 \ 


c - c 


,CO 


/ V H 


^NH^ ^NH^ 

Indigotin. 
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An improved method for the production of phenylglycine o- 
carboxylic acid from anthranilicacid has subsequently been adopted, 
the reagents employed being formaldehyde, bisulphite, and potassium 
cyanide— ' 

,NH a .NH. CH S . SO,Na 

C,H / - C s H 4 ( 

x COONa x COONa 

,NH.CH 2 .CN ,NH. CH a ,COOH 

C„H- C,H t ( 

x COONa x COOH 


Phenylglycine can be prepared directly from aniline by the same 
method— 

C # H 5 NHj + CHjO + HCN -» C s H s NH a CH s CN ■ 
C,H 5 NH. CHjCOOH 

More recently it has been recognised that the unsatisfactory 
yield of indigo by the original process of Heumann is due to the 
presence of water in the alkali fusion. By the replacement of the 
sodium hydroxide with sodium amide the destructive action of the 
water is avoided and the fusion can be successfully carried out at a 
Tower temperature. The manufacture of indigo by such a method 
has been more recently adopted by the firm of Meister Lucius & 
Brtining at Hbchst. 

Interesting is also the fact that by treatment with fuming sul¬ 
phuric acid phenylglycine is converted into indigotin disulphonic 
acid. 

Of other indigo syntheses that of Sandmeyer, at one time em¬ 
ployed on the manufacturing scale, is of importance. The starting- 
point in this method is thio-carbanilide— 

/NH. C„H 6 

cs( 

X NH.C„H 5 


obtained by the action of carbon disulphide on aniline. This com¬ 
pound by the action of potassium cyanide and lead carbonate forms 
hydrocyano-carbodiphenylimide— 


CN.C; 


NH. C,H 5 

*n.c,h 5 


/ 


which on treatment with ammonium sulphide gives the thio-amide— 


S 


nh 2 



nhc,h 5 
N. C,H S 
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The latter by heating with sulphuric acid is converted into isatin 
anilide— 


/ NH \ 

c,h 4 < )c-n.c,h s 
x co / 


and from this by reduction with sulphuretted hydrogen in acid solu¬ 
tion thio-isatin is obtained— 


/NH 

C 8 H 4 < 

x CO 


\ 

/ 


c = 


s 


By the action of dilute alkalis thio-isatin readily passes into 
indigotin. 


Lonchocarpus (Lnnchocarpus cyanescens). 

' The Lnnchocarpus cyanescens (Benth.), a leguminous plant of the 
sub-order Pap/ionaceac, is a woody-climber from 10 to 14 feet long. 
The young leaves contain an indigo-yielding principle, and on this 
account the plant is employed by the tribes of Sierra Leone and the 
interior and those of Western Soudan as the source of a blue dye. 
In the former country the young leaves are collected along with 
some more matured ones, roughly pounded, and dried in the sun. 
In this state it is sent into the market as “Gara,” and sold to the 
dyers. The natives of Western Soudan employ the young and 
tender buds, which are collected, pounded when quite raw, made 
into balls, and dried in the sun. For dyeing purposes the “ Gara " 
is covered with water, treated with potash and the bark of the Mor- 
inda citrifolia (Linn.) and allowed to ferment for some days. The 
cloth to be dyed is thrown into the vat, left there for some time, and 
dried in the sun. An examination of "Gara ” by Perkin indicated 
the presence of approximately 0 62 per cent, of indigotin (J. Soc. 
Chem. Ind., 1907, 389). Apparently also this plant is utilised in 
Northern Nigeria as a dyestuff in the form of a similar preparation 
to that described above, and for the manufacture of a crude indigo. 
A sample of this Nigerian leaf product contained approximately 0^65 
per cent, of indigotin, whereas in the indigo the presence of 21 47 per 
cent, of indigotin and 1 -33 per cent, of indirubin was detected (Perkin, 
j. Soc. Chem. Ind., 1909, 353). The botanical examination of the 
former, and also of plant debris contained in the latter, by V. H. 
Blackman, indicated that they were derived from the L. cyanesctnf, 
or some closely related form. Rawson and Knecht (J. Soc. Dyers, 
1888, 66) have described similar leaf and crude indigo products, 
which had been sent to this country by Sir T. Goldie, Governor, of 
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the Royal Niger Co., and these respectively contained o'S t per cent, 
of indigotin and 39': s per cent, of indigotin, together with 475 per 
cent, of indirubin. A more recent examination of the leaf fragments 
in Rawson and Knecht's samples has shown that these possess 
the same structure as those of the L. cyamctns (Perkin, loc. at.), and 
it thus appears evident that in Western Africa this plant is extensively 
employed for dyeing and the preparation of indigo. There is reason 
to presume that the indigo yielding principle present in the young 
leaves of the L. cyanescens gradually disappears when these reach 
maturity, as samples of the latter examined in this country were 
devoid of indigo-producing property. The L. cyanescens is probably 
identical with the “Taroom akkar” described by Bancroft (“Philo¬ 
sophy of Permanent Colours,” 1813, i., 189 and 191). 

Woad ( Voucde , Pastel, Fr.; IVaid, Ger.). 

This commercial product is a dark clay-like preparation made 
from the leaves of the woad-plant, /satis tinctoria (Linn.), an erect, 
herbaceous, biennial plant, belonging to the Crucifera, bearing 
yellow flowers, small flat elliptical pod--, and large smooth lanceolate 
or spathulate leaves. 

The term “ woad ” is derived from the Saxon “ wad,” which it 
has been suggested is derived from Woden, the Saxon God of War. 
It is synonymous with the Gallic g/astum, with which, according to 
Pliny, the ancient Britons dyed their skin blue, in time of war and 
in connection with certain religious observances. 

The plant is a native of Southern Europe, and from very early 
times has been employed in dyeing blue, for which purpose, previous 
to the introduction of indigo from India, it was largely cultivated in 
various parts of Europe—e.g. Thuringia, Languedoc, Piedmont, 
etc. Its cultivation has now declined almost to the vanishing-point 

In this country woad is now only grown, to a very small extent, 
in the fen lands of Lincolnshire and Huntingdon. The seed is 
sown in the early spring, March or April, and the young plants 
having been duly thinned and weeded, the leaves are ready for the 
first plucking in June, which, at intervals of five or six weeks, is 
repeated once or twice, or as often as fresh leaves shoot up. 

The newly-gathered leaves are at once crushed or ground in 
edge-runner mills to a pulp, which is then placed in small heaps 
to drain, till sufficiently dry to cohere and be submitted to the 
11 balling " process. This consists in working the pasty mass by hand 
into balls, 4—6 ins. in diameter. These are at once spread out oh 
wicker-work trays or “ fleaks,” and thoroughly dried in well-ventilated 
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sheds. The balls are stored in a dry airy place till the whole crop 
has been gathered, and are then submitted to the so-called “ couch¬ 
ing —i.e. a fermentation—process. For this purpose the balls are 
ground’ to a coarse powder, which is spread on the floor of the 
couching-hbuse to a depth of 2 or 3 feet, and there reduced again 
to the consistency of a paste by frequent sprinkling with water and 
turning over with shovels. During this process, which lasts from 
twenty to forty days, the mass becomes heated and abundant 
offensive odours are given off. The operation needs to be con¬ 
ducted with some care and skill, so that the fermentation is neither 
so slow that a “ heavy ” product is obtained, nor so rapid as to give 
one which is “foxy”. When the fermentation has subsided, and 
the stiff, pasty mass is sufficiently cooled, it is packed in casks ready 
for the market. 

’ It has been calculated that 9 parts by weight of woad leaves 
yield 1 part of the prepared product. 

Although woad was formerly used for the indigo contained in it, 
it is at present only employed for the purpose of exciting fermenta¬ 
tion in the indigo-vat ordinarily used by the woollen dyer, which is 
therefore termed the “ woad-vat 

According to Wendelstadt and Bins (Ber., 1906, 39, 1627) woad 
contains two distinct micro-organisms, one of which under suitable 
conditions appears to be able to reduce indigo. 

Spurious woad was sometimes prepared from the leaves of the 
• rhubarb, cabbage, etc., but these products were very inferior to the 
true woad. 

The colouring principle of woad leaves, considered by Schunck 
to be identical with that present in the Indigofem , is now known to 
be a distinct substance. This has not been isolated in a pure con¬ 
dition, but in its general reactions resembles indoxylic acid (see 
Indigo, Natural). 

Other Literature. —Chevrcul, J. Pharm. Chim., 1808, 66, 369; 
1817, 350; Ann. Chim. Phys., 68, 284 ; Gilbert, Annalen, 41, 245 ; 
42, 315; Trommsdorff, J. Pharm. Chim., ly, 93; Paris, Mus. Hist. 
Nat. Ann., 18, 251. 


Purple op the Ancients. 

The ancients derived their purple from certain molluscs or sea- 
snails, the Purpura hoemastoma, known to Pliny as Buccinum , and. 
from the Murex brandaris, called by Pliny Purpura. At Athens 
and Pompeii, large quantities of the shells have been discovered 
lying in heaps close to ancient dyeworks. These molluscs are to be 
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found throughout the whole of the Mediterranean, and indeed, in 
the sea in numerous parts of the world varieties exist which may 
be employed for dyeing purposes. Two sorts of purple, known as 
Tyrian and Byzantium purple, were recognised by the ancients, the 
former possessing a redder tint than the latter. 

From the observations of Cole (Phil. Trans., 1685), Reaumur 
(Mem. de l’Acad. Royale des Sciences, 1711)and Bancroft (“Philo¬ 
sophy of Permanent Colours," 1, 120, 1813), it appears that the 
colour-producing secretion, which resembles pus in appearance and 
consistence, is contained in a small whitish cyst or vein, placed 
transversely under, but in immediate contact with the shell, and near 
the head of the animal. This pus-iike matter, either diluted with 
water or undiluted, on being applied to bits of white linen or calico, 
and exposed to sunlight, rapidly changes its colour, passing from 
yellow, through light green, deep green, and “watchet blue,’’ to 
purplish-red or crimson. To produce this change of colour the 
light of the sun is essential. It is effected more rapidly by the direct 
action of the sun’s rays than by that of diffused light, but it does 
not take place in moonlight or in artificial light. If the linen or 
other fabric to which the secretion has been applied is kept in the 
dark, it remains unchanged, but when exposed to the sun it becomes 
purple, even after the lapse of years, though a little more slowly than 
at first. The metamorphosis which the change of colour indicates is 
not sensibly promoted by heat. It proceeds in a vacuum and in 
hydrogen or nitrogen gas as speedily as in air on exposure to light. 
The'colour produced is remarkably stable, resisting the action of 
soap, alkalis, and most acids, being destroyed only by nitric acid and 
chlorine (see also Bizis, Journ. de Ch. Med., 1835, 10, 99, and A. 
and G. de Negri, Gazz. chim. ital., 1875, 437). Schunck (Chem. 
Soc. Trans., 1879, 35, 591) who examined the Purpura capillus, 
which he procured from the rocks at Hastings, finds that the colour¬ 
ing matter (punicin) is quite insoluble in water, alcohol, or ether, 
sparingly soluble in boiling benzene or boiling glacial acetic acid, and 
readily soluble in boiling aniline, giving a solution which is at first 
green, but as it approaches saturation becomes purplish-blue. At 
this point it shows a broad, well-defined absorption band, beginning 
near C and extending beyond D; but as the solution cools, deposit¬ 
ing the substance contained in it, the colour changes to green, and 
the band becomes gradually narrower, until it occupies the space 
midway between C and D, and then disappears. The colour¬ 
ing matter as deposited from the solution in aniline is seen, under 
the microscope, to consist of star-shaped groups of irregular crys- 
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talline needles, which, when very thin, show by transmitted light a 
purple colour. Punicin is soluble in oil of vitriol, giving a dirty 
purple colour, and showing a broad ill-defined absorption-band be¬ 
tween D and E, the green and blue of the spectrum being much 
darkened. On heating the solution slightly, or allowing it to stand 
for some time, the colour changes to a bright bluish-green and it 
now shows an absorption-band in the red. Punicin is also sparingly 
dissolved by a hot alkaline solution of stannous oxide, and the solu¬ 
tion on exposure to air becomes covered with a blue pellicle. Puni¬ 
cin may be sublimed, giving crystals which show by reflected light a 
semi-metallic lustre, like that of sublimed indigo-blue (Schunck, lot. 
«'/.). Witt (Technologie der Gespinnstfasern, 1888) expressed the 
opinion that the colouring matter yielded by these molluscs was an 
admixture of indigotin with a red colouring matter not so fast to 
light. 

Friedlander (Annalen, 351, 390; Ber., 1906, 39, 1060) has ex¬ 
amined the dye yielded by the Mure.x hrandaris and Mure .r truneulus 
which he obtained from the zoological station at Trieste. Letellier 
(Comptes rend., 1891, 109, 82) had observed that, in addition to 
the colouring principle, organic sulphur compounds were also present 
in these glands, and it suggested itself, therefore, to Friedlander as 
possible that the “ purple of the ancients ” might in reality consist of 
the thioindigotin— 


XXX 

/ \ 


's' 


/CO\ 

c 

^ S / 


which he had lately discovered. 

To isolate the colouring matter the glands of the molluscs were 
spread out as thinly as possible upon filter paper, which was then 
exposed to the sunlight for half an hour. The highly coloured pro¬ 
duct was now immersed in diluted hydrochloric acid (1 : t), the 
mixture evaporated to dryness on the water-bath, the residue ex¬ 
tracted with hot water, and washed with alcohol and ether. In this 
manner a product consisting only of cellulose and the pure colouring 
matter was obtained, and the latter could be readily removed by ex¬ 
traction Itith'boiling anisole, from which it separates in the crystalline 
condition. Finally, it was recrystallised from nitrobenzene. It con¬ 
sists of dark violet crystals which possess a coppery lustre, dissolves 
in hot, high-boiling solvents with a blue-violet colour, yields a sub¬ 
limate on beating, and in numerous respects resembles the colouring 
matters of the indigo group. Analysis indicated the absence of 
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sulphur, although nitrogen was found to be present. The absorption 
spectrum is similar to that given by indigotin; but, on the other 
hand, it is distinguished from this latter colouring matter by its 
sparing solubility, and by giving with cold concentrated sulphuric 
acid a reddish-violet coloration. With fuming sulphuric acid it 
yields a soluble blue- sulphonic acid, and when reduced in alkaline 
solution forms a pale yellow liquid, from which, when exposed to air, 
it separates as a reddish-violet precipitate. In a later paper by the 
same author (Ber., 1909, 42, 765) some slight modifications of the 
method for the isolation of the dye from the Mure.x brandaris are 
given, and it is shown that in this manner about 12,000 molluscs are 
required for the preparation of 1 4 grams of the substance. This 
colouring matter contains bromine, and by a comparison with the 
synthetic dye, there can be no doubt that it is in reality 6 : 6' dihroma- 
indigotin — 


CO CO 



Further investigation has indicated that in addition to this dibrom- 
indigotin another dye of a bluer shade, also containing bromine, 
but possessing a greater solubility in organic solvents, is produced 
from the Mur ex brandaris. It contains more carbon and less 
bromine than dibromindigotin, but its constitution is as yet unde¬ 
termined (Friedlander, Chem. Zoit., 1911, 640). 



CHAPTER XVI. 

LICHENS, LICHEN ACIDS, AND COLOURING MATTERS DERIVED 
THEREFROM. 

Lichens—Orsellinic Acid—Lecanoric Acid—Evernic Acid and Everninic Acid— 
Ramalic Acid—Erythrin—Atranorin—Barbatic Acid—Orchil and Cudbear- 
Litmus. 

Lichens. 

Many species of lichens have been employed from the earliest times 
in medicine, dyeing, and as foodstuffs (“ Memories sur Futility 
des lichens,” par Hoffmann, Amoreux et Willemet, Lyon, 1787). 
From about the year 1300, certain species have been utilised lor 
the production of the purple dyestuff “archil” or “orchil,” since, 
as shown by modern researches, they contain colourless principles, 
derivatives of orcin, which under the influence of ammonia and 
atmospheric oxygen yield the purple colouring matter known as 
orcein (a Archii.). Under the name of Croille or Crolal, with 
various descriptive prefixes, several species have been, and still are 
tb a very limited extent, directly applied in dyeing buff and brown 
colours on homespun yarn in the Highlands of Scotland, Wales, etc. 
Those lichens, e.g. Iceland moss (Cetraria islandica, Ach.), which 
serve as foodstuffs, contain a starch-like substance termed lichenin, 
which is capable of conversion into glucose. 

Our earlier chemical knowledge of the constituents of many of 
these lichens is mainly due to the work of Knop, Rochleder, Heldt, 
Schunck, Schmidt, Stenhouse, Stenhouse and Groves, and Weppen, 
whereas for the later very numerous investigations we are chiefly 
indebted to the chemists Oswald Hesse and Wilhelm Zopf. As a 
result, a very large number of new compounds have been isolated 
and described, the constitutions of which in most cases, however, 
are as yet undecided. On the other hand, considerable advance has 
been made as regards the exact structure of some of the more common 
constituents, viz. atranorin (atranoric acid), barbatic acid* evernic 
acid, erythrin (erythric acid), lecanoric acid, and ramalic acid, and 
the chemistry of these substances is dealt with under their special 
headings 
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As the work of Hesse (H.) is mainly to be found in the Journal 
fur praktische Chemie, and that of Zopf (Z.) in the Annalen, to 
avoid frequent repetition the year only of the papers published in the 
journals is noted below. 

Trachylia tigillaris, Fr. (Acolium tigillare; Calicium tigillare, 
Cyphelium tigillare), rhizocarpic acid, CjgHjoCb (H.), melting-point 
177—178°, and acolic acid (H. 1900). 

Acarospora chlorophana, rhizocarpic acid, pleosidic acid, C^HjA, 
melting-point 131—132° (Z, 1903). 

Alectoria implexa, Nyl. (A. cana), zeorin, salazinic acid (Z. 1898). 
A. ochroleuca, usnic acid, C 18 H lt 07, and barbatic acid (Z. 1899). 
A. sarmentosa, usnic acid (Z. 1900). A. jubata, var. implexa , 
salazinic acid, alectoric acid, C 28 H 24 0 15 , melting-point 186°. A. 
articulata, i-usnic acid, usnaric acid, C 30 H 22 O l5 , melting-point 240— 
260°. A. canariensis , <f-usnic acid, usnaric acid (H. 1902). A. 
implexa , atranorin (H. 1906). 

Anaptychia ciliaris, atranoric acid (atranorin). A. speciosa, 
atranorin, zeorin, QsHjA (Z. r895—1897). 

Aspicilia calcarea, erythric acid, oxalic acid, aspicilin, melting- 
point 178'5° (H. 1900). A. gibbosa, aspicilic acid, melting-point t5o° 
(H. 1904). 

Baeomyces roseus, an acid, melting-point iSo“ (H. 1898). 

Biatora lucida, rhizocarpic acid, C 28 H 2U 0:, atranorin (Z. 1897 ; 
H. 1907); no usnic acid (cf. Knop, 1843). B. mollis, diffusic acid 
(Z. 1905). B. Lightfootii, /-usnic acid (Z. 1906). B. grandulosa, 
gyrophoric acid, Cj(H l4 Oj (Z. 1906). 

Bias tenia arenaria ( Cal/opisma erythrocarpa), phytosterol, 
blasterin, melting-point t;o° (H. 1898). B. arenaria, atranorin, 
gyrophoric acid, C, 9 H h O- (H. 1898). B. Jungermannia, parietin 
(Z. t9o6). 

Calycium crysocepkalum, vulpic acid (H. 1898; Z. 1895). 
C. chlorinum or chloreilum, vulpic acid (Z. 1895); pulvic acid and 
traces of leprarin, C 1# H 8 0 3 (Kassner, Arch. Pharm., 239, 44; H. 
1900). C. flavun, chyrsocetraric acid, C 18 H lt 0 9 (H. t9oo). C. 
Stenhammari, calycin, C 18 H 13 0 j (Z. 1895). 

Callopisma flavovirescem, chrysophanic acid, physcion, CiAA 
(H. 1902). C. vite/linum, calycin (Z, 1895); callopismic acid and 
mannitol (Z. 1897). 

Rhimarpon oreites, A. Zahlbr. (Catoearpus oriites), rhizocarpic 
acid, C m H m Ot, psoromic (parellic) acid, C n H u O, (Z. 1905). 

Cetraria eiuullata {.Platysma cuevllatum), protolichesteric acid, 
CuHjjOj (Z. 1902). C, chlorphylla, protolichesteric acid and 
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atranorin (Z. 1903). C. complicata , protocetraric acid, CjoHjjOjs, 
/-usnic acid, and atranorin. 

Cetraria islandica contains starch not deposited in granules, but 
uniformly distributed among the cells (lichenin). The lichenin, 
which is convertible into sugar, is present in such large quantity that 
this lichen can be used for food (Schmidt, Annalen, 5 r, 39). There 
is also said to be present cetraric acid, lichenstearic acid (Knop and 
Schaedermann, Annalen, 55, 114), protocetraric acid, and proto-<i- 
lichesteric acid (Z. 1902 ; H. 1903 and 1904), a-lichenostearic acid, 
CijHjoOh (melting-point 122—123°), /Michenostearic acid, C 1 b H m Oj 
( melting-point r 21 °), y-lichenostearic acid, C, k H 3I |O a or (i l9 H 32 0 5 
(melting-point 121—122’), paralichenostearic acid, C 2 „H 3) 0 5 , 
dilichenostearic acid, and cetraric acid, C 2 ,H w 0 lt 

(H. 1898). 

• C. nivalis, usnic acid (Z. 1904). C, stuff ca, protoliehestericacid 
(Z. 1904). C. aculeata or Cornicularia aculeata, protolichesteric 
acid (Z, 1904); lichenin and lichenic (funtaric) acid. C. finastri, 
pinastric acid, Ci«H s O a (Z. 1895). C. glauca (Phtysma g/aunim), 
lichenin (Berzelius). C. juniperina , chrysocetraric acid, C 18 H h O„, 
usnic and vulpic acids (H. 1898). C. finastri, chrysocetraric, 
usnic and vulpic acids (H. 1898 ; Z. 1899). C. fahlunensis, cetraric 
acid (Z. 1898). 

Candelaria concolor, eallopismic acid or ethyl-pulvic acid, 
C M H 1( ,O fl , dipulvic acid, C :i2 H 3 jO p (Z.); calycin, and stictaurin, 
OjsHjjOs (H.; Z. 1899). According to Hesse, 1898, dipulvic acid 
is a mixture of calycin and pulvie anhydride. C. vitellina, stictaurin 
(Z. 1899), calycin and pulvie anhydride (Z. 1899). 

Cladina silvatica , usnic acid and cetraric acid (Z. 1.898). 
C. a/pestris, usnic acid (Z. 1898). C. rangiferina, cetraric acid and 
atranorin (Z. 1898) and usnic arid (H. 1898). C. fyxidata , parellic 
acid (H. 1898). C. coccifera, cocellic acid, C 2 „H 2 »Ot (H. 1898). 
C. uncialis, d- usnic and thamnolir acids, C,„H ls O n (Z. 1902). 

Cladonia amaurocraea , usnic acid (Z. 1898). C. alcicornis , 
usnic add (H. 1902). C. deformis, usnic acid (Z. 1900). C. cyanipes 
usnic acid (Z. 1900). C. Flocrkeana, cocellic and thamnolic acids 
(H. 1900). C. rangiformis , atranorin, rangiformic acid 

CjoHjjOj . OMe 

(H. 1898). C. uncinata (no usnic add, see Knop, Annalen, 
1844, 49, 130); but uncinatic acid, C S jH 2 , 0 9 (H. 1900). C. 
destricta ( Cuncialis), usnic add and starch (Knop, ibid., 119); 
Ausnic add (Salkowski, Annalen, 1901, 319, 391). C, incrassata, 
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/.usnic acid (S.). C. glauca, squamatic acid (Z. 190a). C. strcpsilis, 
thamnolic acid and strepsilin (Z. 1903). C. thamnolis, thamnolicacid, 
CjoHijOh, and strepsilin. C. destricta, /-usnic acid (Z. 1903); /-usnic 
and squamatic acids and cladestin (H. 1904). C. macilenta, usnic acid 
and starch (Knop, loc. at.); rhizonic acid (Z. 1903). C. squamosa, 
var. vtntricosa, squamatic acid (Z. 1904). C. squamosa, var. denti- 
collis, squamatic acid (Z. 1907). C.fimbriata, var. simplex , fumaro- 
protocetraric acid and fimbriatic acid (Z. 1907). C. fimbriata, var. 
cornuto-radiata, fumaroprotocetraric acid (Z. 1907). C. pityrea, var. 
cladomorpha , fumaroprotocetraric acid (Z. 1907). C. silvatica, var. 
condensata, /-usnic acid (Z. 1907). C. verticilla/a, var. subcervicornis, 
fumaroprotocetraric acid (Z. 1907), atranorin and cervicornin. 
C. chlorophcea, fumaroprotocetraric acid. C. gracilis, var. chordalis, 
fumaroprotocetraric acid (Z. 1907). C. crispata, var. gracilescetts, 
squamatic acid (Z. 1907). C. coccifera, cocellic acid, Cj,)H 22 Oj 
(H. 1895). C. incrassata, l -usnic acid (Z. 1905). C. rangiferina 
usnic acid (Rochleder and Heldt, Annalen, 48,2); lichenin (Schmidt, 
ibid., 51, 29); cladonic acid (/ 3 -usnic acid), C l8 H 18 0 ; (Stenhouse, 
ibid., 155, 58); (/-usnic add (no /-usnic) and silvatic acid, 

CO-Me. C| 8 H,, 0 :i . COOH 

(H. 1907); atranotin and fumaroprotocetraric acid (Z. 1906). 
C. rangiferina, var. vulgaris, atranorin and protocetraric acid 
(H. 1898). C. rangiferina, var. silvatica, i/-usnic acid (Z. 1906); 
usnic and protocetraric acids (H. 1898). C. pyxidata, lichenin 
(Schmidt, Annalen, 51, 29); emulsin (Hdissey, J. Pharm. Chim., 
1898, [vi.], 7, 577). 

Cornicularia aculeata , ranyiformic acid (H. 1902). 

Ckiodcclon sanguineum (C. rubrocinctum ), chiodectonic acid, 
C U H,A 

Cyphelium trichia/e, var. candclare, calycin (Z. t9o6). 

Darbishirella gracillima, parellic acid (H. 1898). 

Dendographa leucophaca, protocetraric acid (H. 1898); erythrin 
and orcinol (Ronceray, Bull. Soc. chim., 1904, [iii.], 31, 1097). 

Dimelaena oreina, zeorin and usnic acid (Z. 1897). 

Diploicia canescens (Catolechia canesccns), diploicin, melting-point 
225', eatolechin, melting-point 214—215°, and atranorin (Z. 1904).' 

Diploschistts scruposa, diploschistessic acid, C 15 H 14 07 (Z. 1906). 

Endorcarpon miniatum (a) vulgare, phytosterol and an add 
(H. 1898). 

Evemia dkaricata, divaricatic acid, CjiHjjO, . OMe (H. 1900), 
and usnic acid (Z. 1897); no usnip acid (H.). E. furfuracea, usnic 
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acid (Rochleder and Heldt, Annalen, 48, 9); no usnic acid, but 
erythric acid (Z. 1897), or rather olivetoric acid, C 3 fH M 0 8 (Z. 1900) 
physodic acid, physodylic acid, C 2 ! Hj # 0 8 , and fureverninic acid 
(H. 1907); atranorin, evernuric acid, C^H^Og, and furevernic acid, 
but no erythric or olivetoric acids (H. 1906) ; emulsin (Hetissey, 
J. Pharm. Chim., 1898, [v.], 7577). E. prunastri, evemic acid, 
atranorin (Z. 1897); evemic acid, usnic acid and atranorin and 
chrysocetraric acid (H. Annalen, 1895), C ls H 14 0 8 . E. thamnodcs , 
divaricatic acid, usnic acid (Z. 1897 ; H. 1900). E. vu/pina, vulpic 
acid and atranorin (H.). E. illyrica (Dalmatia), divaricatic acid 
and atranorin (Z. 1904). E. ochroleuca, usnic acid (Knop, Annalen, 
49 , *22). 

Evcrniopsis Trulla, salazinic acid and atranorin (Z. 1897). 

Gasparrinia medians (Physcia medians) calycin, rhizocarpic acid 
(k. 1898); pulvic lactone (H. 1903). G. sympagea, parietin 
(Z. 1905). G. Negates (Physcia e/egans), physcion (H. 1898). 
G. murorum, physcion (H. 1898). G. decipiens, physcion (H, 1898). 
G. cirrhochroa, chrysophanic acid (Z. 1897). 

Graphic scripta , salazinic acid (H. 1900). 

Gyalolechia aurella, calycin (Z. 1895), callopismic acid (Z-. 1897), 
stictaurin (Z. 1899). 

Umbilicaria pus/u/a/a (Hoffm.). ( Gyropkora pus/u/ata), gyro- 
phoric acid, C 3S H M 0 , S (Stenhouse, Annalen, 70, 218), C,,,H 14 0 - (H.). 
G. kirsu/a , gyrophoric acid (Z. 1898). G. dcusta, gyrophoric acid 
(Z. 1898). G. poiyphylla , umbilicaric acid, (Z. 1898); 

umbilicaric acid and gyrophoric acid (H. 1898, 1901). G. hyper- 
borea, umbilicaric acid (Z. 1898). G. deusia, umbilicaric acid 
(Z. 1898). G- ve/lea, gyrophoric acid and gyrophorin, melting-point 
189° (Z. 1899). G. spodochraa , var. depresses, gyrophoric acid 
(Z. 1900). G. polyrrhiza, umbilicaric acid, lecanoric acid, gyrophoric 
acid (Z, rgos). 

Hqjnatomma ventosum, divaricatic acid, CojH-jO?, melting-point 
149° (Z. 1898); </-usnic acid, divaricatic acid, and an acid resem¬ 
bling alectoric acid (H. 1900). II. coccineum, var. leiphamum , 
leiphaemin, melting-point 193°, atranorin, zeorin (Z. 1902). II. coc- 
cinqum, var. abortivum , coccic acid, C 12 H 1 ( Oio, 3H 2 0, melting-point 
a6a—264°, atranorin, haematomin, C, 0 H l9 O or C M H 3J O a , melting- 
point 143—144°, and haematommidin, melting-point 194—196" 
(Z.. 1903); no zeorin (H. 1907). H. coccineum, var. (?) lecanoric 
acid, (H. 1907). H. coccineum, var. (?) (from Wildbad), coccic acid, 
atranorin, zeorin, hydrohaematommin, C w H 18 0 , melting-point lot 0 
(H. 1906). H. coccineum, /-usnic acid, zeorin, atranorin, porphyrillic 
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acid, hymenorhodin, and leiphaemin (Z. 1906). H, leiphamum, 
atranorin, zeorin, leiphaemin, leiphaemic acid, C 12 H M O s , melting- 
point 114—115° (Z. 1903). H. porphyrium , atranorin, zeorin, 
porphyrilic acid, leiphaemin, hymenorhodin (Z. 1906). 

Pertusaria dealbata, Nyl. f. corallina, Cromb. (Isidium coral- 
linum ) (“ white crottle ”), calcium oxalate (Braconnot, Ann. Chira. 
Phys., [ii.], 28, 319). 

Lecanora atra, atranoric acid (atranorin), C 19 H 18 0 8 , and a yellow 
crystalline substance (Paterndand Oghaloro, Gazz. chim. ital., 1877, 
7). Hesse (Ber., 10, 1324) considers the atranoric acid to be 
hydrocarbonusnic acid, and the yellow substance to be cladonic acid. 
Obtained from certain districts it contains lecanorol (Z. 1897), 
C sr H M 0 9 , H 2 0 . L. varia, psoromic acid and /-usnic acid (Z. 1905). 
L. grumosa, atranorin and lecanorol (Z. 1897). L. cenisea, atranorin 
and roccelticaeid, C^HgA (cf. Schunck and Hesse, Roccella tinctoria). 
L. sordida, atranorin, zeoric acid (Z. 1897). L. sordida , var. glaucoma , 
atranorin and parellic acid (H. 1898). L. sordida, var. Swartzii , 
atranorin, thiophanic acid, C 1; H ( 0 12 . H 2 0 , melting-point 242°, 
roccellic acid, lecasteric acid, melting-point ri6°, and 

lecasteride, C 10 H 8 O a , melting-point 105° (H. 1898). L. campestris, 
atranorin (Z. 1897). L. badia, stereocaulicacid (Z. 1897). L.effusa, 
atarnorin and usnic acid (Z. 1897). L. su/fusca, atranorin (Z. 1897); 
(H. 1900). L. epamtra, zeorin and lepanorin, melting-point 131— 
t32° (Z, 1900), L. glaucoma (L. sordida a-g/aucoma) (from Tyrol), 
atranorin, thiophanic acid, roccellic acid (Z. 1903). L. sulphurea, 
usnic acid (Z. 1903). L. parella (“light crottle”), parellic acid, 
lecanoric acid (Schunck, Annalen, 54, 257, 274; 41, 161). L. tar- 
tana (Linn.) (Pa/cl/aria tartarea, ParmeUa tartarea), erythric acid, 
synonymous with Nees. v. Esenbeck’s “remarkable resin” (Brandes’ 
Archiv. Apoth., 16, 135), with Heeren’s erythrin, and with Kane’s 
erythrilin (Schweiggers, J. Ch. Phys., 59, 313). Schunck found 
crustaceous lichens belonging to Lecanora, etc., collected on the 
basalt rocks of the Vogelsberg in Upper Hessia to contain lecanoric 
and erythric acids (Annalen, 41, 157). In a specimen from Norway, 
Stenhouse (ibid., 70, 218) found gyrophoric acid. Z. vcnlosa, usnic 
acid (Knop, ibid., 49, 122). 

Rhitocarpon gcographicum, Dl. ( Lecidea geographica), usnic acid 
(Knop, loc. cit.). Lecidea Candida (Psora Candida ), calcium oxalate 
(Braconnot, Ann. Chim. Phys., [ii.], 28, 319). Z. cineroatra, lecidic 
acid, CjjH.jA. COOMe, melting-point 147“, and lecidol, melting- 
point 93° (H. 1898). Z. sudetica, salazinic acid (Z. 1899). Z. con- 
Jiuem, confluetin, melting-point 147—148° (Z. 1899). Z. grisclla, 
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'gyrophoric acid (H. 1900). L. agloeotira (Z. armeniaca, var. lutescens), 
roccellic and cetraric acids (Z. 1904). 

Lepraria latebrarum, leprarin, melting-point 155°, roccellic acid 
(Z. 1897), and atranorin (Z. 1900); Z-usnic, hydroroccellic, lepraric, 
and talebraic acids (melting-point 208°), and atranorin (H. 1903). 
L.fiava, calycin, pinastric acid, calyciarin (Z. 1905), L. xanthina 
(from Vorarlbcrg), physcion (H. 1906). Z. latebrarum (Baden- 
Baden), atranorin, leprariaic acid, oxyroccellic acid, and neobraic 
acid (H. 1906). Z. candelaris , calycin (Z. 1906). Z, chlorina, 
calycin (Z. 1895). 

Lepra candelaris ( Lepraria flava), calycin, (J ls H n 0 4 . OH, melting- 
point 240—242'' (H. 1898). 1 

Leprantha impolita (Arthonia pruinosa), lec moric acid, lepranthin, 
Cj 5 H 40 Oio, melting-point 183°, lepranthaic acid, C ; ,|H ffi 0 2 , melting- 
point 111—112° (Z. 1904). 

Mycoblastus sanguinarius, caperatic acid and atranorin (Z. 1899). 

Menegaszia pcrtusa ( Parmelia pertusa), atranoiin and farinacir 
acid (caprarir and pysodic acids absent) (H. 1907). 

Nephroma arcticum , zeorin, nephrin, and Z-usnic arid (Z. 1909). 
N. antarcticum, zeorin and Z-usnic acid 1909). N. pnrile , zeorin 
and mannitol (Z. 1909).- N. resupitia/um, mannitol (Z. >909). 
N. lavigatum, mannitol (Z. 1909 ). Nephromium hevigatum, 3 snic 
acid and nephrin, C,„H 3J , 1 I 2 0 , melting-point i 08 “ (H. 1898). N. 
tommentosum, usnie acid and nephrin (If. 1898 ). N. lusitanicum , 
•nephrin and nephromin, C lfi H 12 O n , melting-point 19(1' (H, 1898). 

Ochrokchia androgyna (Lecanora subtarlarca), gyrophoric acid 
and calyciarin (Z. 1905). 0 . palksccns, var. parella (fiom Auvergne), 

parellic acid and ochrolechiasic acid, Cj 2 H h O b , melting-point 28a 0 
(H. 1906); but no iecanoric acid (see Schunck, Annalen, 1845, 54, 
274) (Z. 1898).. . 0 . tar/area, gyrophoric acid (Z. 1898). 

Pannaria lanuginosa, hydroxyroccellic acid, CijH 32 O r „ melting- 
point 1-28°, and pannaric acid, C # H t O t , melting-point 224° (H. 1901). 

Parmelia aleurities, atranorin (Z. 1897). P. tiliacea, atranorin 
and parmelialic acid, melting-point 165“ (Z. 1897); the latter is in 
reality Iecanoric acid (H. 1898 and 1900). P. periata, atranorin 
and hmmatommic acid (Z. 1897); usnie acid, Iecanoric acid, and 
perlatin (H. 1900); imbricaric acid (Z. 1902); no Iecanoric acid 
(H. 1903); atranorin and perlatic acid, C s7 H 27 0 9 . OMe, 2H,0 
(H. 1904). P. periata from certain sources: (a) atranorin, (b) 
atranorin, usnie, and vulpic acids, ( c ) atranorin and Iecanoric acid, 
(d) atranorin and perlatin C 1# H H 0 5 ( 0 Me) 2 (H. 1898). P. 
saxatilis, var. sulcata, atranorin and stereocaulic acid (Z. 1897); 
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protocetraric add only (H. 1900), not protocetraric but pannatic 
acid (H. 1904) ; usnic acid (Schmidt, Annalen, 51, 29). P. saxatilis, 
var. panmformis , atranorin, protocetraric acid, and usnetic acid, 
C. ( H 2# 0 8 (not C s H M 0 8 ), melting-point 192° (H. 1900), P. saxatilis 
retiruga, atranorin, protocetraric acid, and saxatic acid, C^H^Oa, 
melting-point ir5° (H. 1903). P physodts (or P. ceratophylla, var. 
physodcs) is known as “dark crottle,” and is employed for dyeing a 
brown colour on homespun woollen yarn. Contains physodin and 
two colourless substances (Gerding, Brandes, Arch. Pharm., [ii.], 87, 
1), ceratophyllin (H. Annalen, 119, 365); atranorin, physodalic acid, 
and physodalin (Z. 1897 and 1898); evernuric acid, physodylic acid, 
capraric acid, and atranorin (H. 1907). P. parietina, chrysophanic 
acid (Rochleder and Heldt); identical with Thomson's (Edin. 
New Phil. Jour., 37, 187) parietin, also (H. 1895) physcion, 
C 1# H, s 0 5 , physcianin, C w H 12 0 4 , melting-point 143° and physciol,' 
C,H, 0 „ melting-point 107 ’. A variety of P parietina growing on 
sandstone rock and not on trees like that of Rochleder and Heldt, 
contained vulpic acid (chrysopicrin), (Stein, J. pr. Chem., [i.], 93,366). 
P. caperata (“ stone crottle ”), emulsin (Herissey, J. Pharm., [vi.], 
7, 577 ); capraric acid, C 22 H 18 O s (COOH) 2 , melting-point 240°, usnic 
acid, caperatic acid, COOMe, C la H ;B 0 2 (C 00 H) 2 , melting-point 132 0 , 
and caperin, C S9 H BI , 0 3 , melting-point 243° (H. 1898), rf-usnic acid 
(H. 1900). P. caperata from Castanea vesca, usnic, capraric and 
caperatic acids (H. 1904). P. conspersa, usnic acid, zeorin, and 
atranorin (Z. 1898); usnic acid and salazinic acid (H. 1898); if-usnic 
acid and conspersaic acid, melting-point 252° (H. 1903). P. 
acetabulum , atranorin (Z. 1898); atranorin and salazinic acid (H. 
1901). P. excrescens, zeorin and atranorin (Z. 1898). P. perlata, 
var. exrescens , atranorin (Z. 1898). P. Nilgherrensis, atranorin 
(Z. 1898). P. perforata, zeorin and atranorin (Z. 1898);’lecanoric 
acid (H. rgoo). P. olivetorum, atranorin (Z. 1898); lecanoric acid, 
but no erythric acid (H. 1900); olivetoric acid, C 27 H 34 0 # , melting- 
point 141—i42°(Z. t902); atranorin, olivetorin, melting-point 143°, 
and olivetoric acid, C 21 H i# O r (H. 1903). P pertusa, physodalic 
acid (Z. 1898). P. fuhginosa, atranorin and lecanoric acid (H. 
1898). P. fuliginosa, var. ferruginasccns, lecanoric acid (Z. 1899). 
P. pulverulenta, unknown acid (H. 1898). P. ciliaris, eveminic 
acid and atranorin (?) (H. 1898). P. omphalodcs (P. saxattilis, var. 
omphalodes). Under the name of “ black crottle ” this lichen is 
employed for dyeing a brown colour in the outer Hebrides (Lewis 
and Harris); contains stereocaulic acid (Z. 1899). P tiliacea, var. 
scortea, lecanoric acid (Z. 1899). P. verruculiftra, lecanoric acid 
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(Z. 1899). P. giomtllifera, glomelliferin, melting-point 143—144 s 
(Z. 1899 and 190a). P. ituurva, usnic acid (Z. 1900). P. Borrtri, 
lecanoric acid (Z 1900). P. sorediata, difTusin (Z. 1900); lecanoric 
acid (H. 1900). P. tinctorum , atranorin (H. 1900). P. tinctorum 
(E. Africa), atranorin and lecanoric acid (H. t9o6). P. tinctorum 
(Madras cinchona bark), atranorin and lecanoric acid (H. 1904). 
P glabra , lecanoric acid (H. 190a). P. lacarncnsis, imbricaric acid 
(Z. 190a). P, sinuosa, rf-usnic and usnaric acids (Z. 190a). 

Parmelia cetrata (Java cinchona bark), cetrataic acid, C a9 H 1( 0 H , 
melting-point 178—180° (H. 1903). P. vlivacea, oliveacein, 
Q-HjjOj . HjO, melting-point 156°, and oliveaeeic acid, 

OuH^Oj. OMe, 

melting-point 138° (H. 1903). P. revo/uta, atranorin and gyrophoric 
&cid (Z. 1905). P. pilosdla , atranorin and pilosellic acid, melting- 
point 345° (Z. 1905). Muiigeotti , rf-usnic acid (H. 1906). 

Pelligera apthosa , peltigerin, C sl H au 0 8 (or C w H IS 0 4 ), melting- 
point 170—180“, and mannitol (Z. 1909). P. malaeca, peltigerin, 
zeorin, and mannitol (Z. 1909). P. horizontalis, peltigerin, zeorin, 
and mannitol (Z. 1909). P. polydactyla, peltigerin, mannitol, 
polydactylin, melting-point 178—180’, and peltidactylin, melting- 
point 237—240°. P. venosa, peltigerin. P. scabrosa , peltigerin. 
P. propagulifira, peltigerin and zeorin. P. lepidophora , peltigerin. 
P. praitextata, mannitol. P. rufesccns , mannitol. P. spuria, 
‘mannitol. P. canina, caninin (Z. 1909); emulsin (Herissey, J. 
Pharra. Chim., [vi.], 7, 577). 

Pcrtusaria amara (P. communis ji-variolosa, Variolaria amara), 
emulsin (Herissey, loc. cit.) ; cetraric acid, pertusaric acid, C^H^O*, 
melting-point 103°, pertusarin, C 3l) H M 0 2 , melting-point 235°, 
pertusarene, C M H 1M , melting-point 286°, and pertusaridin (H. 1898); 
salazinic acid and picrolichenin (Z. 1900); orbiculatic acid, CjjHjjOj 
(H. 1901). P. kictea, lecanoric acid and variolaric acid, melting, 
point 285° (Z. 1902). P. lactea (sterile Auvergne), lecanoric acid 
and ochrolechiasic acid (H. 1906). P. corralina (P. ocdlata coral¬ 
line) 1, ocellatic acid, C 20 Hi 5 Ou . OMe, melting-point 208° (H. 1901). 

P. rupestris (P. communis fl-arcolata), areolatin, C u H ; 0 ( . OMe, 
melting-point 270°, areolin, melting-point 243°, and gyrophoric acid, 

Q. H.A (H. 1903). P glomerata (VVildbad), porin, C i2 H S7 0 , 0 Me, 
melting-point 166°, and porinic acid a[C u H 12 0 4 ], H 2 0 , melting-point 
a 18° (H. 1903). P. Wulfcnii{P. sul/urea, P. sulphurtlla, P. fallax ), 
thiophanic acid (Z. 1904). P. lutcscens, thiophanic acid (Z. 1904). 

Placodium gypsaeeum, squamaric acid and usnic acid (Z, 1898); 
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parellic acid, but no usnic acid (H. 1901). P. chrysoleucum, usnic 
acid (Z. 1898). P. saxicolum, var. vulgarc, usnic acid and zeorin 
(Patemd, Atti. R. Accad. Lincei, 1876, [ii.], 3); zeorin, but no 
atranorin (H. 1898), (/-usnic acid (H. 1900). P. saxicolum, var. 
compactum, atranorin (H. 1901). P. melanaspis, atranorin (Z. 
1898). P. Lagascoe, psoromic and usnic acids (Z. 1897). 

Placoiium crassum, atranorin (trace), /-usnic acid (H. 1901). 
P. circinatum (a) radiosum , salazinic acid (H. 1902). 

Physcia ci/iaris, emulsin (Herissey, J. Pliarm, Chim., [vi.], 7, 577). 
P. cndococcinti, zeorin and atranorin (Z. 1895), rhodophyscin and 
endococcin (Z. 1905). P. caesia, zeorin and atranorin (Z. 1895); 
atranorin and zeorin (H. 1902). P. steUaris,/. adscendens , atranorin 
(Z. 1895). P. parictina , atranorin and placodin, melting-point 
245° (H. 1899). 1 \ medians, vulpic acid and calycin (Z. 1895), 
calycin and callopismic acid (Z. 1897). P. pulverulenta, var. /J j 
pityrea, atranorin (Z. 1895). 

Physcia tenella, atranorin (Z. 1895). P. aipolia, atranorin (Z. 

1895)- 

Cctraria g/auca ( Platysma glaucum ), atranorin and caperatic acid 
(Z. 1899). Cctraria cucuUata (P. cucutlatum ), lichenostearic acid 
and usnic acid (Z. 1899). P. diffusum , diffuun, melting-point 135 
—136°, and usnic acid (Z. 1899). 

Pleopsidium chlorophanum, rhizocarpic acid (Z. 1895). 

Pseudevernia ericetorum, atranorin, physodalin (Z. 1905). 

Psora os/rea/a, lecanoric acid (Z. 1899). 

Pulveraria chlorina , calycin, vulpic acid, and lepraric acid, melt¬ 
ing-point 228° (H, 1898). /’. tatebrarum, atranorin, parellic acid, 
latebride, melting-point 128°, and pulverin, melting-point 262° (H. 
1898). P. farinosa, oxyroccellic acid, and pulveraric acid, melting- 
point 234“ (H. 1898). 

Raphiospora flavovircsccns, rhizocarpic acid (Z. 1895). 

RamaUna calicaris, var. fastigiata, contains large quantities of 
starch (lichenin) and a small quantity of saccharic acid (Berzelius, 
Scherer’s Annalen, 3, 97), usnic acid (Rochleder and Heldt, ibid., 
48, 9). R. calicaris, var. fraxinca, lichenin and usnic acid (Rochleder 
and Heldt, loc. cit.); «-usnic acid (Hesse, Annalen, 117, 297). R. 
ceruchis, usnic acid and usnaric acid (H, 1898). R. armorica, atra¬ 
norin, armoricaic acid, melting-point 240—260°, armoric acid, 
C 18 H l8 C>7, H a O, melting-point 226—228° (H. 1907). R. cuspidata, 
cuspidatic acid, C w H 2g O 10 , melting-point 218° (H. 1900). R. 
farinacea, d- usnic acid and ramalic acid, melting-point 240— 
245° (H. 1903). R. subparinacea, (/-usnic acid and salazinic add 
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(Z. 1907). R. minuscula, (/-usnic acid (Z. 1907). R. KuUemis, 
zf-usnic acid, kullensisic acid, C|sH 18 0 u (Z. 1907). R. obtvsata, 
(/-usnic acid, ramalinellic acid, melting-point 169” and obtusatic 
acid (Z. 1907). R. Landroensis, (/-usnic acid and landroensin (Z. 
1907). R. pollinaria , ramalic acid, Ci«H la 0 3 0 Me, and evernic acid 
(Z. 1897); usnic acid, atranorin, evernic acid, and ramalic acid 
(H. 1898). R. fastigiata, emulsin (Herissey, J. Pharm. Chim., 
1898, [vi.], 5, 577). R. fraxinca, emulsin (Herissey, ibid.). R. 
polymorpha, usnic acid (Z. 1897). R. scopu/orum (see Thomson, 
Annalen, 53, 252), (/-usnic acid, scopuloric a£id, C la Hi« 0 # , melting- 
point 260° (Z. 1907). R. thraHsta, usnic acid (Z. 1900). R. 
yemettsis, (/-usnic acid (H. 1902). 

Reinkella birdii/tit, roccellic and oxyroccellic acids (H. 1898). 

Rhizocurpon gcographicum f. ion lignum, parellic acid, rhizome 
• acid, Ci(,H 3 „O r , melting-point 185°, rhizocarpic acid, (H., 

Ber., 1898, 31, 663), ihizonic acid is OMe. C k H h O«(OH) 3 COOH 
(H.). 

R. gcographicum f. lecunorimm , rhizocarpic acid (Z. 1895); par¬ 
ellic acid, rhizocarpinic acid, melting-point 156°, rhizocarpic acid, 

COOH . C !4 H„ 0 3 . COOEt, 
melting-point 177—178'. Parellic acid, 

COOMe. C l; H n 0 3 (C 00 H) s , 

melting-point 262—265”, is the same as Zopf’s psoromic acid, and 
the squamaric acid and zeoric acid of other writers (H.). R. geo- 
graphiamf. gerontinm , parellic and rhizocarpic acids, but not rhizo¬ 
carpinic acid (H., 1909). 

Rhizoplaca opaca (Lecanora chrysoleuca , ji-apaca, Parmelia rubina, 
fi-opaca, Squamaria chrysoleuca ji-opaca), usnic acid, placiodilic acid 
(previously termed placiodflin), rhizoplacic acid, C 21 H 40 O 6 , melt¬ 
ing-point 94 — 95° (Z. 1905), usnic acid and placiodilic acid, 
C 17 H 18 0 7 , melting-point, 156—157' (Z. 1906). 

Roccella fuciformis (R. tinctoria , var. fuciformis). This well- 
known “ orchella weed ” is imported from Angola, Zanzibar, Mada¬ 
gascar, Ceylon, and Lima for the purpose of manufacturing archil 
and cudbear. It contains erythric acid (Heeren’s erythrin, Kane’s 
erythrilin) and roccellic acid (Schunck, Pharm. J., [iii.], 39, r64; 
Annalen, 61, 64; Kane, Trans. Roy. Soc., 1840, 273 ; Heeren and 
Schweiggers, J. Pharm. Chim., 59, 346). Stenhouse (Annalen, 149, 
288) examined a Lima weed in 1848, and found it to contain lec*- 
noric acid, but this was probably R. tinctoria and not identical with 
the R. fuciformis examined by him in 1869, and in which he found 
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erythric acid Cf. Hesse (Annalen, 117, 329, and 139, 22) who found 
Lima weed to contain erythric acid, but not lecanoric acid. Sten- 
house considers the R. Afontagnci fiom Angola, in which he found 
erythric acid to be identical with R. tinctoria, var. fuciformis, ex¬ 
amined by Schunck. A stunted variety of R. fuciformis, examined 
by Menschutkin and Lamparter, contained /J-erythrin. In a better 
growing specimen erythrin was obtained (lamparter, Annalen, 134, 
243). A variety of R. fuciformis , probably from the west coast of 
Africa, contained erythric acid and a bi.ter substance picroroccellin 
(Stenhouse and Groves, ibid., 185, 14). More recently Hesse 
(1898) has found the weed to contain erythric acid and oxyroccellic 
acid. 

Roccclla Montagnci, erythric acid and oxyroccellic acid (H. 1898); 
orcinol (Ronceray, Bull. Soc. Chim., 1904, [iii.], 1097). R.fruticosa, 
erythric acid (erythrin) (H., Ber., 1904, 37, 4693). R. phycopsis 
(Crete), erythrin, oxyroccellic acid, oxalic acid, and erythritol (H. 
1906). R. feruensis (R. fructectosa and R. cacticola), erythrin, oxy¬ 
roccellic and roccellic acids (H. 1898), erythrin, erythritol and 
oxalic acid (H. 1906). R. fortentosa , lecanoric acid (H. 1898). 
R. dtcipitns , lecanoric acid (H. 1898). R. sinensis, lecanoric acid 
(H. 1898). 

Roccclla tinctoria. —This lichen, used largely for the manufacture 
of orchil and cudbear, is imported from the Cape of Good Hope, 
the Cape Verde Islands, and Chile (Valparaiso weed), hormerly it 
seems to have been imported also from Lima (Stenhouse). It con¬ 
tains lecanoric acid (Stenhouse's a- and (3-orsellic acid) and roccel- 
linin. The latter is, however, probably a decomposition product of 
the former (Stenhouse, Annalen, 68, 55 ; 149, 288 ; Phil. Mag., [iii.], 
32, 300). • According to Hesse (1898) it contains erythrin, oxyroc¬ 
cellic acid, roccellic acid, and lecanoric acid, whereas Ronceray 
(Bull. Soc. Chim., 1904, [iii.], 31, 1097) detected in this lichen the 
presence of lecanoric acid and orcinol (cf. Hesse, Ber., 1904, 37, 

4693)- 

Rocullaria intrica/a, zeorin and roccellaric acid, meltmg-pomt 
no 0 (H. 1898). 

Sguamaria elegans (Gasparrinia elegans), chrysophanic acid 
(Thomson, Phil. Mag., [iii.], 25, 39); physcion (H.). 

Solorina crocea, soloric acid, melting-point 199—201° (Z. 1895). 

Spharophorus fragilis, sphsrophorin, melting-point 138—139°, 
and fragilin (Z. 1898), sphaerophorin (C u H, s O t )„ or C 28 H M O a , 
sphserophoric acid, melting-point so6—207°, and fragilin (Z. x 9 ° 3 )- 

Spkyridium placoph) Hum, atranorin (Z. 1898). 
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Stercocaulon alpinum, atranorin, and stereocaulic acid, melting- 
point 200—2oi 0 (Z. 1895). 5 . coralldides, atranorin and psoromic 

acid (Z. 1895), usnetic acid, atranorin, and an acid not psoromic 
acid. Zopfs stereocaulic acid from S. alpinum is usnetic acid (H. 
1900). S. incrustatum, atranorin and psoromtc acid (Z. 1895). 5 . 

vtsuvianum, psoroptic acid (Z. 1895). S. denudatum , var. genuirtum, 
^tranorin (Z. 1895). S. tomentosum, atranorin (Z. 1895). S. pi/ea- 
tum, atranorin and stereocaulic acid (Z. 1895 and 1899). con- 
densatum, atranorin (Z. 1895). S. paschale, atranorin (Z. 1895). 
S. virgatum f. primaria, atranorin (Z. 1895). 5 . ramulosum, atra¬ 

norin (Z. 1895). S. sa/azinum, salazinic acid, which blackens at 
260—262° (H. 1900). 

Sticla fuliginosa, trimethylamine (Z. 1897). S. aurata, stictaurin, 
a derivative of puivic acid (Z. 1899). Stictaurin has the formula 
(' 18 H 12 O s (H. 1900). S. desfontainii, calycin and ethyl-pulvic acid 
(H. 1900). S. pulmonaria, stictaic acid, C ih H u O s (OMc), melting- 
point 264°, stictinic acid (Knop and Schnedermann, J. pr. Chem,, 
1846, 39, 365), and not protocetraric acid (H. 1900). This lichen 
is known as “ hazel crottle 

Stictina gilva, stictinin, melting-point 160—161° (Z. 1905). 

Thamnolia vermicularis, thamnolic acid, melting-point 202—204" 
(Z., Chem. Zentr., 1893, [ii.], 54). According to Hesse this has the 
formula Ci 9 H u Oio. OMe (1898 and 1900). 

Thalloedma candidum, probably lecanoric acid (H. 1898). 

Thalloschistes /lavicans, parietin (Z. 1905) (Brittany); physcion 
and acromelin (H. 1907). 

Tornabenia chrysophthalma , physcion (H. 1907). T. flavicans, 
var. crocea, physcion (H. 1907). T. flavicans , var. acromela (Phys- 
cia acromela ), acromelin, C, r H,A,, melting-point, 242“, and acro- 
melidin, C ir H 2 „ 0 3 , melting-point 162" (H. 1907). T. flavicans, var. 
cinerascens, physcion and acromelin (H. 1907). 

Umbilicaria pustu/ata ( Gyrophora pustulata), gyrophoric acid, 
C 18 H, 3 0 j (?), (Stenhouse, Annalen, 70, 218; Z. 1898; H. 1898). 

Uneolaria lichens, collected from the basalt rock of the Vogels- 
berg in Upper Hessia, contain lecanoric and erythric acids (Schunck, 
Mem. Chem. Soc., r, 71). 

Urceolaria scruposa, var. vulgaris, atranorin and lecanoric acid 
(H. 1898, 1904, 1907); patellaric acid (Z. 1902). U. cretacta 
(U. scruposa, var. gypsacea), lecanoric acid, but no atranorin, zeorin, 
or parmelialic acid (H. 1898; cf. Zopf, 1897). 

Usnea tarbata (Lichen barbatus, Parmelia barbata), usnic add 
(Rochleder and Heldt, Annalen, 48, 8; Stenhouse, ibid., 155, 51), 
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and lichenin (Berzelius, Scherer’s Annalen, 3, 305 ; Hesse, Annalen, 
*.37, 34*; Ber., 10,1334), usnicand barbaticacids (H. 1898); emulsin 
(Hirissey, J. Pharm. Cfiim., [vi.], 7, 577). U barbata f. dasypoga , 
usnic acid and usnaric acid, C 3( ,H 22 0 lt , melting-point 340—360“ 
(H. 1898), rf-usnic, usnaric, and alectoric acids (H. 1900); bar¬ 
batic, usnic, and usnaric acids, but no alectoric acid (Z. 1903); 
alectoric acid (H. 1903). U. barbata, var. ceratina, usnic acid, 
CwHijOr, melting-point 193—196'’, and barbatin (H., Annalen, 1893, 
384, 157). U. barbata a-florida, (/-usnic, usnaric, and parellic acids, 
and usnarin (H. 1902). U. ceratina , usnic acid, barbatic acid and 
barbatin (H. 1898). U. ceratina (Black Forest), barbatic and usnic 
acids (Z. 1902), (/-usnic acid, barbatic acid, and barbatin (H. 1903), 
(Java cinchona bark), (/-usnic, usnaric, and parellic acids and cera- 
tin (H. 1903). U. ceratina / 3 -hirtu (Bolivian), i/-usnic, usnaric, 
p’icatic, and barbatic acids (H. 1903). U. barbata (/}-) hirta, d- 
usnic, usnaric, and barbatic acids, and usnarin (H. 1902), atranorin 
(H. 1906). U. barbata (//-) hirta (St. Thomas), r/-u-nic and 
usnaric acids, and santhomic acid, CnH I4 0 4 , melting-point r66° 
(H. 1902). U. hirta , usnic acid (Knop, Annalen, 49, 103), usnic 
acid, alectoric acid, hirtic acid, melting-point 98°, and hirtellic acid 
(melting-point 215° decomp.), (Z. 1903). U. cornuta, (/-usnic and 
usnaric acids (Z. 1902). U. iongissima , barbatic and usnic acids 
(Z. 1897; H. 1898). U. Iongissima (from Amani), ramalic acid, 
(/-usnic acid, and dirhizonic acid, C 18 H lfi 0 5 ( 0 Me) 2 , melting-point 
189° (H. 1906). U. florida , usnic acid (Knop, Annalen, 49, 103); 
usnic acid and hirtellic acid (Z. 1904). U. schraderi, (/-usnic acid 
and usnaric acid (Z. 1903). U. microcarpa, (/-usnic acid and usna¬ 
ric acid (Z. 1905). U. articulata, var. intestiniformis (Indian cin¬ 
chona bark), (/-usnic acid, barbitic acid, and articulatic acid, 
C lg Hi # Om (?), (H. 1907). U. plicata, (/-usnic acid, usnaric acid, 
usnarin, and plicatic acid, CjoH^O^OMe), melting-point 133° (H. 
1900). V. scruposa, atranorin and lecanoric acid (Z. 1902). 

Pertusaria dea/bata , Nyl. ( Variolaria dealbata, I.ichtn dealbatus), 
variolarin (Robiquet, Annalen, 42, 236; 58, 320). Schunck found 
crustaceous Variolaria collected on the basalt rocks of the Vogels- 
berg in Upper Hessia, to contain lecanoric and erythric acids. 

Xanthoria parietina (Parmelia parietina, Physcia parietina),' 
atranorin and physcion (H. 1898). X. lychnea , physcion (H. 1898). 
X. Candelaria (X. controvetsa, X. lychnea, var. pygmaa X. parietina, 
var. lychnea), parietin, melting-point 302° (Z. 1904). * 
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Orsellinic Acid. 

Orsellinic acid, C s H 8 0 4 , H s 0 , was first prepared by Stenhouse 
(Annalen, 68, 61) by digesting lecanoric acid with boiling baryta 
water, and can also be produced from erythrin in a similar manner. 
According to Hesse (ibid. , 139, 35), the solution of erythrin in baryta 
water is heated on the steam-bath until a sample of the product no 
longer yields a gelatinous precipitate when neutralised with hydro¬ 
chloric acid. The liquid is then acidified, and the orsellinic acid, 
which separates on standing, is crystallised from alcohol or acetic 
acid. 

Orsellinic acid crystallises from dilute acetic acid in needles with 
iHjO. When heated, it melts at 176° with evolution of carbon 
dioxide and formation of orcin, and is evidently an orcin carboxylic 
acid. 

Ethyl orsellinate, C 1 , ) H l2 0 4) colourless leaflets, melting-point 
132°, is produced when erythrin is boiled for several hours with 
alcohol (Stenhouse, !oc. cit.), and can be prepared in an identical 
manner from lecanoric acid (Schunck, Annalen, 54, 265). 

Methyl orsellinate, C 9 H, (l 0 1 (Schunck, he. cit., and Stenhouse, 
loe. cit.), and iso amyl orseltinate, C 13 H IS 0 4 (Stenhouse; Hesse, 
Annalen, 139, 37), melting-point 76", have also been obtained. 

According to Heinrich (Ilcr., 1904, 37, 1406), ethyl orsellinate 
in alkaline solution reacts with diazubenzene chloride with forma¬ 
tion of the disazobenzene derivative, QMe(OH) 2 (C s H 5 N 2 ) 2 COOEt, 
red needles, melting-point 186’’, and this, on reduction with stannous 
chloride and hydrochloric acid and further heating with hydrochloric 
acid at 160 0 gives diamino-orcin hydrochloride, 

C,HMe(OH),(NH 2 ) 2 (Me: (NH 2 ) 2 : (OH) 2 = 1 :2 : 4 : 3 : 5. 

The constitution of orsellinic acid is therefore to be represented as 
follows:— 

CH a 

cooh/\ 

onl^yOH 

This structure is supported by the conductivity measurements of 
Thiel, Schumacher, and Roemer (Her., 1905, 38, 3860), and further 
by the work of Fischer and Hoesch (Annalen, 1912, 391, 347). 
These last authors treated methyl-orsellinate with an ethereal solu¬ 
tion of diazomethane—which methylates phenol carboxylic acids 
preferentially in the para-position—and thereby obtained an a -methyl 
ether— 
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MeO- 


-COOEt 

-OH 


melting-point 72—75° C., which gave a red-violet ferric chloride 
reaction. 

When orsellinic acid was treated with methyl-chlorocarbonate 
in cold N caustic soda—a reagent which also preferentially attacks 
the para-position—the product of the reaction was methyl-carbonato- 
orsellinic add — 

Me 

I 

0 -COOH 
-OH 

( 5 -methyl-carbonato- 3 -hydroxy-o-toluic acid), melting-point 153— 
154° C. (corr.), which also gave a characteristic coloration with ferric 
chloride, whereas the product of the action of ethereal diazomethane 
on this last substance was methyl-(arbonato-orseUimite-$-methylether — 


Me 




Me—CO,— 0 - 


COOMe 

OMe 


melting-point 8fi° C. (corr.), which gave no coloration with ferric 
chloride. 

On hydrolysis of this ester with concentrated sulphuric acid at 
25° C., methyt-carbonato-orsellinic-acid-fi-methyl ether — 

Me 

I 

0 -COOH 
-OMe 

melting-point 145' C. (corr.), was obtained, which also failed to 
develop a coloration with ferric chloride, whereas, when this was 
further hydrolysed by means of caustic soda, it yielded orsellink add- 
fS-methyl ether — 
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Me 



which decomposes at 175° C., and develops a yellow-red coloration 
with ferric chloride. As Fischer and Hoesch point out, were the 
older formula for orsellinic acid correct— 

Me 

I 

HO—l J—° H 

I 

COOH 

the / 3 -methyl ether would be a derivative of salicylic acid, and 
should develop its characteristic colour with ferric chloride, and 
moreover, the a and /3-methyl ethers would be identical, whereas 
they are undoubtedly isomeric. 

The constitution thus arrived at has been substantiated by the 
synthesis of orsellinic acid by Hoesch (Ber., 1913, 46, 886), who 
obtained it by oxidation of orcyl-aldehyde—prepared from orcine 
■by Gattermann’s method—or, more readily, of its dimethylcar- 
bonato, or diethylcarbonato derivatives, followed by hydrolysis of 
the resulting acid with N caustic soda solution. The synthesis 
may be represented thus:— 


Me Me Me 



• _ A-cooh A-COOH 

MeCOjO—y-OCOjMe HO-A-OH 

An attempt to prepare this acid from orcinol by a method 
analogous to that used for the preparation of salicylic acid from 
phenol was unsuccessful. 
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Dimethylcarbonato-orcyl aldehyde, needles, melting-point 84—85”, 
according to Hoesch becomes yellow on exposure to light. 

Monomethylcarbonato-orcyl aldehyde, prisms, melts at 79°, diethyl- 
carbonato-orcyl aldehyde, needles, at 60°, and diethylcarbonato-orsellink 
acid , prisms, at 112° (decomp.). 


Lecanoric Acui. 

Lecanoric acid (Diorsellinic acid), C ls H u O : , H 2 0 , was first de¬ 
scribed by Schunck under the name of “lecanorin/'and was isolated 
by him from various species of the Lecanora and Variolaria lichens: 
It is also present in some quantity in the Rocella canariensis, 
R. portentosa , R. sinensis, and Parmclia pertata (lac. cit.), and, ac¬ 
cording to Hesse (Annalen, 139, 24), is best isolated by the following 
method, which is a modification of that originally devised by Schunck. 
The finely divided lichen is extracted with ether, the extract evapo¬ 
rated, and the greenish-white crystalline residue treated with lime 
water. The solution, when neutralised with acid, gives a precipitate of 
lecanoric acid, which is collected and crystallised from alcohol. In 
case the product is not quite pure it is treated with ether, which 
dissolves the acid, but not the impurity. 

Lecanoric acid crystallises in colourless needles, melting-point 
166° (Hesse, Ber., 37, 4693), the solutions of which possess an acid 
reaction. With alcoholic ferric chloride it gives a dark purple 
coloration, and with dilute calcium hypochlorite a blood-red liquid, 
which, according to Hesse, is characteristic, and can be used to dis¬ 
tinguish this substance from the known lichen acids. 

Dibromoleeanoric acid (Hesse, Annalen, 139, 28), C 18 H ]2 0 7 Br 2 , 
consists of minute prisms, melting-point 179°, whereas tetrabromo- 
lecanoric acid, C 16 H 10 O 7 Br 4 , prisms, melts at 157°. 

Potassium lecanorate, C 18 H I3 0 7 K, H., 0 ; barium lecanoratc, 
(CuH la 0 7 ) 2 Ba, sHjO; calcium lecanorate (C 18 H 18 0 7 ) 2 Ca, 4H 2 0; 
silver lecanorate, C 14 H 13 0 7 Ag; lead lecanorate, 

(CtMAkPb + PbHA; 

and copper lecanorate (C ls H u 0 7 ) s Cu, 2H5O, have been obtained 
(J. pr. Chem., [ii.], 57, 264). 

When boiled with water lecanoric acid yields orsellinic acid, 
Q.H.A 4 - HjO ” 2C g H 8 0 4 ; whereas by means of boiling"acetic 
acid or baryta water, orcin and carbon dioxide are simultaneously 
produced; C M H 14 0 7 4 - H s O - C 8 H g 0 4 4 - C 0 2 4 - C 7 H 8 0 2 . 
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* 

On the other hand, methyl alcohol at 85“ gives, m addition to 
orcin and carbon dioxide, orsellinic add methyl ester — 

C„,H,A + CH s OH - C 7 H-Oj. COOCH, + C ; H, 0 , + CO, 
The constitution originally assigned to lecanoric acid— 

CH S 

A OH 

HO'\ ) -O—C0<^ yCH g 

COOH OH 

in view of the work of Heinrich (Her., 3 7, 1406) on orsetlinie acid, 
is more accurately expressed as follows :— 

CH, 

cooh/\ oh/\oh 

OHlsJ-O-CO—A 
CH, 

This structure has been confirmed by the synthesis of the acid 
(Fischer and Fischer, Ber., 1913, 46, 1^8). These authors con¬ 
verted dimethyl-carbonato-orselliiiic acid — 


COOH 

I 

CH s /\- 0 -C 0 s --CH, 


O—CO,—CH a 


into its chloride (melting-point 53—56° C.) by the action of phos¬ 
phorus pentachloride in presence of acetone, dissolved the product 
in the same solvent and gradually added a well-cooled solution of 
orsellinic acid in acetone and N aqueous sodium hydrate, whereby 
dimethyl-carhonato-orsclUnoyl-ursdlinic acid — 



6. CO,. Me 



I 

COOH 


needles, melting-point 185—187° C., was formed. When hydrolysed 
by means of aqueous caustic soda, this slowly passed into lecanoric 

35 * 
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acid, colourless needles, which softens at 170”, and is completely 
melted at 175°, with evolution of gas—cf. Hesse. The crystals when 
air.dried contain 1 molecule of water of crystallisation. 

The identity of the product thus obtained with natural leca- 
noric acid was established by comparing their melting-points, 
colour reactions with ferric chloride, and with bleaching powder 
solution, and finally by converting each into methyl-lecatwrate- 
trimethyl-ether , C20H22O7. 

The trimethyl-ether of methyl-lecanorate has been shown by 
Fischer (Ber., 1913,46, 3253) to be identical with the product of 
the action of diazomethane on evernic acid. (See below.) 


Evernic Acid and Evkrninic Acid. 

Evernic acid, or lecanoric acid monomethyl ether, was first isolated 
by Stenhouse from the Evernia prunasti (Annalen, 68, 83), and has 
been found also by Hesse (Ber., 1897, 30, 366) to exist in the 
Ramalimpollimria (compare also Zopf, Annalen, 1897, 297, 271). 

The lichen is extracted with diluted milk of lime, the extract 
neutralised with acid, the precipitate collected, dried, and digested 
with a little boiling alcohol. The hot alcoholic liquid, treated with 
its own volume of water, deposits crystals of evernic acid (Stenhouse). 

Evernic acid crystallises in small colourless needles, melting- 
point 168—169", readily soluble in hot alcohol, and when boiled 
with solutions of the alkali hydroxides or baryta water, gives C 0 2 , 
orcinol, and everninic acid — 

Q 7 H 15 O 7 + H..0 =» CqH.-O, 4- C,H ( 0, + COj 

Ramalic acid suffers a similar decomposition. 

Fischer (Ber., 1913, 46, 3 2 53i and i9'4, 47. 5 ° 5 ) showed that 
when evernic acid was methylated by means of diazomethane, in 
ethereal solution, a neutral crystalline ester identical with trimethyl- 
lecanoric acid methyl ester was obtained, and he pointed out that, 
as the meihoxy group in everninic acid is in the para-position to 
the carboxyl group, the structure of evernic acid must be— 

CHj CH, 

I I 

CHj — 0— CO— 0—COOH 

OH d)H 

* 
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From this it follows that ramalic acid may btr expressed as— 
CHj CH, 


HO- 


< 5 — 


-COOH 


OCHj 

CH 3 


OH 

CH S 


_i 

or HO—\~/ )— CO—C 


OH 



-COOH 


OCH, 


, For descriptions of the Na, Ba, Ca, Cu, Pb, and Ag, salts of 
evemicacid, cf, Hesse (J. pr. Chem., 1915, [ii.], 92, 425). 

Diacetyl evernic acid, C 17 H w O ; Ac a , is a crystalline powder, melting- 
point 144°. 

Everninic acid (orsellinic acid monomethyl ether) resembles 
benzoic acid in appearance, melts at 157°, and yields the ethyl ester 
C 6 H 8 0 4 (C.,H s ), melting-point 72°. By digestion with hydriodic acid, 
everninic acid gives orcinol, C 0 2 , and one molecule of methyl iodide. 
According to Heinrich (Ber., 1904, 37, 1406), two formulae are 
possible for everniriic acid:— 

CH :l CH S 

w (*> COOH f ') 

OCOj^JOH OH: v yOCHj 

Fischer and Hoesch (Annalen, 1912, 391, 347) have, however, shown 
that orsellinic acid a-melhyl ether, prepared by them, and which has 
the structure (2), is identical with everninic acid. 

This conclusion has been further substantiated by the synthesis of 
everninic aldehyde, melting-point 65° C. (and from it of everninic acid), 
by Hoesch (Ber., 1913, 46, 886), by the careful methyiation of orcyl 
aldehyde with methyl sulphate, and zN caustic soda in presence of 
acetone. This when treated with an acetone solution of methyl- 
chlorocarbonate, yielded mcthylcarbonato-cvcrninic aldehyde, needles, 
melting-point 77° C., and the latter, when oxidised with potassium 
permanganate, was converted into methylcarbonato-evcrninic acid, 
needles, decomposing at about too” C., which on hydrolysis with N 
caustic soda solution yielded everninic acid. 
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These changes may be represented thus 1 


CH 3 



CH, 

I 

/V-CHO 

CHjO-Vyl-OH 


—CHO 

-0 . C 0 2 . CH S 


CH S 

I 

/Y-cooh 

CH a O-l x / Lo . C 0 S . CH a 



Hesse (J. pr. Chem., 1915, [ii.], 92, 425) has described the 
following derivatives of everninic acid:— 

Acetyl everninic acid, QH^OjAc, colourless prisms, melting-point 
1 r 1° C. 

Nitro-everninic acid, orange-red needles, melting-point 195 0 C. 

Dimtro-everninic acid, C„H 8 0 4 (N 0 2 ) 2 H 2 0 , golden-yellow needles, 
melting-point 87° C.—the potassium salt is very explosive. 

Hesse’s expression (J. pr. chem., [ii.], 57, 253) of the isomerism 
of evernic acid and ramalic acid, and which was based upon the 
older formula of orsellinic acid, is as follows:— 
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Ramalic Acid. 


Ramalic acid (leeanoric acid monomethyl ether), C i; H 1# 0 # 0 Mc, 
has been isolated by Hesse, by means of ether, from the lichens 
Ramalinpollinaria (J. pr. Chem., [i.], 57, 253) and Evernia divari- 
cata (Ber., 1897, 30, 357). It crystallises in colourless needles, 
melting-point 179—180” C, and gives with alcoholic ferric chloride 
a violet coloration. It differs from the isomeric evernic acid, which 
occurs in conjunction with it, in being sparingly soluble in ether 
{Zopf, Annalen, 297, 306), but when hydrolysed with baryta water 
behaves like evernic acid, producing orcin, carbon dioxide, and 
everninic acid (cf. evernic acid, p. 548). 

The anhydrous potassium and barium salts, the latter of which is 
sparingly soluble, have been prepared and described by Hesse (J. pr. 
Chem., 1898, [ii.], 57, 232). 

As previously stated, the structure of ramalic acid is represented 
by one of the two following formula :— 


CH 3 


CH, 


_1 _1 

HO—^>_CO-O—/ y —COOH 


OCH 3 

ch. 


OH 

CH, 


5 -O- C0 -°<I>- c 


or HO—C 'b—CO—O —( y —COOH 

~l 

OH OCH, 


Erythrin. 

Erytlm'n, erythric acid, erythrinic acid, erythrolecanoric acid, 
C M H 2 20ioH 2 0, is a constituent of most lichens from which archil is 
prepared. It was discovered by Heeren (Schweigger’s Journ. *f. 
Chem., 59, 513) in Rocella tinctoria (D.C.), from which licheh, and 
several others of the same genus, it may be extracted by boiling 
water, or better, with milk of lime (cf. also Kane, Stenhouse, and 
Hesse (loc. cit .); Schunck, Annalen, 61, 69 ; De Luynes, Ann. Chim, 
Phys,, [4], 2, 385; Menschutkin, Bull. Soc. chim., [a], 2, 424). 

The method adopted by Stenhouse to prepare this substance from 
the Rocella ftuiformis is as follows (Annalen, 68, 72, and 149, 290): 
Three pounds of the lichen are macerated for twenty minutes in a 
milk of lime made by shaking $ lb. of lime in 3 gallons of water, and 
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the product filtered by means of a bag filter. The clear liquid, as it 
passes through, is immediately precipitated with hydrochloric acid, 
as prolonged contact with the lime decomposes part of the erythrin. 
The crude erythrin collected on bag filters is freed from acid and 
calcium chloride by stirring it up once or twice with a considerable 
quantity of water and again collecting. 

Erythrin forms small colourless needles, melting at 148° (Hesse, 
Ber., 1904, 37, 4693), and not at 164°, as stated by Ronceray (Chem. 
Zentr., 1904, ii., 1504), and is sparingly soluble in water, easily sol¬ 
uble in alcohol, ether, and alkalis. Alcoholic ferric chloride gives a 
purple-violet coloration, which passes to brownish-red on addition 
of excess of the reagent. 

When boiled with water, erythrin gives (a) orsellinic acid and ( b) 
picroerythrin (Schunck, Annalen, 61, 65)— 

CS.H.A. + HjO =“ (a) C a H a O, 4 - ( b) C^H^O-; 

whereas by boiling with alcohol, picroerythrin and orsellinic acid ethyl 
ester ( c ) are produced (Heeren, loc. cit. ; Kane, Annalen, 39, 25)— 

Cji|H ai O|„ + CtHjOH = M C 8 H;(C 2 H 5 ) 0 4 + C 12 H„ 0 7 

With amyl alcohol a similar reaction occurs with formation of 
{</) amylorscllinate and picroerythrin (Hesse, Annalen, 139, 22)— 

C 2i ,H._..,0,ii + C 5 H 12 0 = (d) QH-O4. C,H,j + C 12 H 1# O t 

On the other hand, excess of lime water (Lamparter, Annalen, 134, 
255) gives orcin, CO», and erythrite— 

C 2 oH 22 0]o 4- - H_:() = 2C t HA “h sCO, 4- C,H;qO, 

Tribromerythrin , 2 C a(1 H, > Br 3 0 1 o, 3H 2 0 (Hesse, Annalen, iij, 
310; and ibid., 139, 32) consists of white crystalline spherules which 
cake together a little above 100° and melt at 139°. Boiled with 
alcohol, it is resolved into ethyldibromorsellinate and brompicrocrythrin. 

Picroerythrin or erythro-orsellinic acid, Ci 2 H w 0 7 > 3H a O, forms 
colourless prisms, melts at 158°, is readily soluble in hot water, and 
gives with ferric chloride a purple-violet coloration. It appears 
to be most readily obtained in the pure condition by Hesse’s method 
of boiling erythrin with amyl alcohol {loc. cit.). 

Digestion with hot baryta water converts picroerythrin into CO,, 
orcin, and erythrite— 

Ci^H^O; -f H a O CO, 4 - C 7 H 8 0 , 4 - C 4 H 10 O 4 

The experiments of De Luynes, Menschutkin, and Hesse have 
confirmed the view first put forward by Berthelot, that erythrin is 
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the monokcanoric ester, and picroerythrin the mnoorsellinic ester of 
erythrite. 

According to Hesse (Ber., 1904, 37, 4693; J- P r - Chem., 1906, 
[ii.], 73> 113)1 erythrin contains a free carboxyl group, and must 
therefore be represented as follows 

C 4 H,(OH) s . 0 . C 9 H s (OH). CO . O. C,H,(OH)COOH 

I I 

CH 3 <:h 3 

whilst picroerythrin has the formula— 

O. CH,(CH . OH) s . CH a OH 


C 5 H 2 (OH)COOH 

I 

ch 3 


On the other hand, Zerner (Monatsh., 1914, 35, 1021) considers 
that the structure of erythrin is best represented thus— 

Me Me 



HO-<f ^—CO—O—C 4 H e (OH ) a —O- 

OH 


-COOH 


OH 


. Erythrin, C 2 iH 24 Oio, can be prepared by the action of lime 
water on some varieties of the R. fuciformis (Menschutkin, loc. cit.). 
It is a white crystalline powder; melting-point 115—116° (Lamparter, 
loc, cit.) ; nearly insoluble in water, and dissolves in alcohol and ether 
with violent evolution of C 0 2 . Boiled with water, orsellinic acid 
and ^-picroerythrin are produced; with alcohol, the latter body 
together with ethylorsellinate. 

10 1 ^-Picroerythrin, C 13 H,A», crystallises in needles, very soluble 
in water and alcohol. With boiling baryta water it is resolved into 
COj, erythrite, and /J-orcinol (Menschutkin). 

According to Hesse {loc. cit.), it is probable that ^-erythrin is not 
a chemical individual, but consists mainly of erythrin, the properties 
of which are modified by the accompanying impurities. 


Atranorin. 

Atranorin, Ci 9 H w 0 8 , is present in the lichens Evernia vulpina, E, 
prunasiri, E.furfuracea, Lecanora atra, L. sordida, Parmclia perlata, 
P. physodes, P. tinctorium, Physcia stellaris, Xanthoria parietina, 
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Cladonia rangifornis, Stereotaulan vesuvianum and others. It forms 
colourless prisms, melting-point 195—197° C. (Zopf), 187—188° C. 
(Hesse), easily soluble in hot chloroform, soluble in alkalis with a 
yellow colour. 

According to Paternb, by heating with water to 150°, atranorin 
gives physciol (methyl-phloroglucinol) and atraric acid (betorcinol- 
carboxylic acid methyl ester), and these substances are also obtained 
when atranorin is heated with acetic acid in a sealed tube (Hesse). 

Physciol forms colourless needles, melting-point 104—105° gives 
a blue-green coloration with ferric chloride, and possesses, according 
to Hesse, the constitution of a methyl-phloroglucinol— 


Betorcinol carboxylic acid methyl ester, C M Hi 2 0 4 , crystallises in 
leaflets, melting-point r4o—141° C., and gives a blood-red colora¬ 
tion with calcium hypochlorite solution. Digested with boiling 
hydroidic acid, it is converted into /? -orcin (Stenhouse and Groves), 
CgHjoOs, according to the equation— 

C w H 12 0 4 + HI - CH,[ + C 0 2 + GjHjA 

P-orcin (see also barbatic acid) is 1 : 4-dimethylresorcin. 

The constitution assigned to betorcinol carboxylic acid methyl 
ester is— 




Heated with alcohol in a sealed tube, atranorin gives, according to 
Paternb, hamatommic acid and hamatomminic acid; but the researches 
of Hesse indicate that these compounds in reality consist of heema- 
tmmic acid methyl ether and betorcinol carboxylic acid methyl ether. 

Hamatommic acid methyl ether, QoHjoOj, forms colourless needles, 
melting-point 147°, soluble in alkaline solutions with a yellow colour. 
With ferric chloride it gives a purple-red or purple-brown coloration. 
The ethyl ether, CnHjjOj, gives colourless needles, melts at m— 
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112° (Hesse); iij— 114° (Zopf). It is represented by the for¬ 
mula— 

0—CHj. , 

CH 3 A I 
H0IJ--6 

COOC.H, 


When a solution of atranorin in dilute acetic acid is gently eva¬ 
porated, atranorinic acid (Hesse) is produced. This compound is 
also present in the Cladonia rangtformh (Hesse) when gathered in 
December, but is absent from the lichen in summer. 

Atranorinic acid , C ls H 18 0 9 , H., 0 , forms colourless crystals, which 
are anhydrous at 100°, and then melt at 157'’. With ferric chloride 
it gives a dark brownish-red coloration. With hydriodic acid it 
gives ( 3 -orcin , and when heated with alcohol yields carbon dioxide, 
physciol and ji-orcin. The constitutions assigned to atranorinic acid 
(1) and atranorin itself (2) are as follows 


CH, 



(>) 


CH, 



References. —Paternh and Oglialaro (Gazzetta, 7, 289), Paternh 
(ibid., 10, 157, and 12, 257); Zopf (Annalen, 288, 38); Hesse (J. 
pr. Chem., 57, 280); Ltidecke (Annalen, 288, 42); Hesse (Annalen, 
119, 365); Stenhouse and Groves (Annalen, 203, 302); Hesse (J. pr. 
Cjhem., 1906, pi.], 73, 113). 


Barbatic Acid. 

Barbatic acid, CijH 2 o 0 7 , was first isolated from the lichen Usnea 
barbata by Stenhouse and Groves (Chem. Soc. Trans., 1880,37, 405), 
in which it occurs in conjunction with usnic acid. Zopf (Annalen, 
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1897, *97, 271) found barbaric acid in the Usnea longissima, in the 
Electora ochroleuca [ibid., 1899, 306,182), and in the Usnea dasypoga 
{ibid., 1902, 324, 39); Hesse (J. pr. Chem., 1898, ii., 57, 23a) de- 
scribes its presence in the Usnea longissima , Usnea barbata, and 
Usnea ceratina. Hesse ( loc. cit.) originally considered that barbaric 
acid had the composition C M H 24 O a , and described potassium barium 
and copper salts and an ethyl ester, melting-point 132°, which 
apparently established this formula, but in a later paper (J. pr v 
Chem., 1903, ii., 68, 1) he adopted Stenhouse and Groves’ formula, 
C 1# H 20 O-. The sodium salt, C ]s H ls O;Na, 2H0O, crystallises in 
straight-sided leaflets (compare also Zopf, 1902, 789). The action 
of acetic anhydride on barbatic acid leads to the formation of a 
compound which is probably the lactone of acetylbarbatic acid; 
this melts at 250° and on recrystallisation from acetic anhydride 
yields acetylbarbatic acid. , C u H 10 (C 2 H 3 O)O7, melting-point 272°. By 
the hydrolysis of barbatic acid with aqueous alkalis betorcinol and 
rhizoninic acid are formed. Barbatic acid crystallises in colourless 
needles, melting-point 184° (Hesse, J. pr. Chem., 1906, (2), 73, 
”3)- 

Archil or Orchil. 

Archil or Orchil (Orseille , Fr.; Orscille, Ger.; Oricello, It.) 
appears in commerce in three forms: (1) as a pasty matter called 
archil; (2) as a mass of a drier character, named persis ; and (3) as 
a reddish powder called cudbear. It is obtained from various lichens 
of the genus Roccella, growing on the rocky coasts of the Azores, 
the Canaries and Cape de Verd Isles, also of the Cape of Good 
Hope, Madeira, Corsica, Sardinia, etc., and from Ochrolechia tartarea, 
growing in Sweden and Norway. None of these lichens contains 
the colouring matters ready formed, but they contain certain colour¬ 
less* acids of the type of lecanoric acid , derivatives of orcin, into 
which they can be readily converted. Thus, lecanoric acid (1) gives 
first orsellinic acid (2) and subsequently orcin (3) according to the 
following scheme (see under Lecanoric Acid) : — 

CH, 

(l) COOH 7 ^ H0/\)H 

I 

HO x/ — 0 —CO— 

CTI, 
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CH, 

cooh^N _> () 
'' ohI Joh 


\y 



Orcin itself, when acted upon by air and ammonia, changes into 
a purple substance called orcein, which is the name applied to the 
colouring matters of archil (Robiquet, Ann. Chim. Phys., [*], 47, 
. J 38 )- 

Finely powdered orcin is placed in a thin layer under a bell jar, 
together with a beaker containing strong ammonia solution. As 
soon as the substance has become brown coloured, it is removed 
and exposed to air for some time. It is then dissolved in very 
.dilute ammonia solution, reprecipitated with acetic acid, and dried. 
According to Gerhardt and Laurent, orcein has the composition 
•C 14 HjNO, (Ann. Chim. Phys., [3], 24, 315), but more recent re¬ 
searches indicate that it is a mixture of substances. Liebermann, 
for instance (Ber., 7, 247; 8, 1649}, considers that by this reaction 
three colouring matters are produced, having respectively the 
formulae (a) C 14 H 13 N 0 4 ; ( b ) C 14 H 12 Nj 0 3 ; and (<r) Cj 4 H 12 N s 0 3 . 

Zulkowski and Peters (Monatsh., 11, 227) allowed orcin to 
remain in contact with ammonia for two months, and from the 
product isolated three substances:— 

(a) Red orcein, C J8 H2 4 Nj0 7 , the main product, which appears to 
be formed according to the following equation :— 

4 C 7 H 8 0 2 4 - 2NH3 4 - 60 =» C 2S H 24 N 2 0 7 4 - 7H 2 0 

It is a brown crystalline powder, soluble in alcohol with a red colour, 
and in alkaline solutions with a blue-violet tint. 

(i) A crystalline yellow compound, C 21 H I0 NO s , which is ac¬ 
counted for as follows:— 

3 C 7 HA + NH 3 + 30 - C 31 H 19 NO s 4- 4 h 2 o 

(ej An amorphous product similar to litmus. 

These substances can be prepared much more rapidly by the 
addition of hydrogen peroxide to an ammoniacal solution of orcin. 

There can be no doubt that this reaction proceeds in several 
stages, and that the character of the product varies according to the 
duration of the process. This is well known to manufacturers, who 
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can prepare at will a blue or a red orchil. The constitution of 
these colouring matters has not yet been determined, but in view of 
the circumstances by which they are produced, it is most probable 
that they are members either of the oxazine or oxazone groups. 

Orchil was originally prepared from the lichens by means of stale 
urine, which supplied the necessary ammonia, but ammonia solution 
is now exclusively employed. The older methods have, however, 
been greatly improved, and in the place of barrels the operation is 
carried out in large horizontal or vertical cylinders fitted with stirrers, 
and suitable openings for the admission of air. 

In such an apparatus the weed is digested with about three times 
its weight of ammonia solution at 6o° for from three days to one 
week, the admission of air being regulated according to the judg¬ 
ment of the manufacturer. • The first product of the reaction has a 
blue colour, and if the process be stopped at this point, there is 
formed the dyeware known as blue orchil. On the other hand, if 
the action of the air and ammonia is allowed to proceed further, red 
orchil is obtained. These orchil pastes when dried and finely ground 
constitute the product known as cudbear. 

Bedford (Ger. Pat. 57612, 1889) blows air or oxygen through 
the ammoniacal mixture, which, especially in the latter case, 
materially shortens the process. The apparatus employed is 
erected vertically, and by an ingenious arrangement of projecting 
shelves, the edges of which are turned down, a considerable quantity 
of the air or oxygen is entrapped, and exerts therefore a more 
powerful oxidising effect. 

Orchil liquor is prepared by extracting the lichens with boiling 
water, concentrating the extract to from 8—10° Tw,, and submitting 
this to the action of air and ammonia; whereas orchil extract is pro¬ 
duced by the extraction of orchil paste itself. 

In former times archil and cudbear were frequently adulterated 
with magenta, certain azocolours, extracts of logwood, brazilwood, 
etc.; but as the importance of these dyestuffs has now very greatly 
diminished, such a contamination is at the present time of rare 
occurrence. 

Archil and its preparations are substantive colouring matters, 
which dye well in a neutral bath, but have the useful property of 
behaving nearly as well under slightly acid or lightly alkaline condi¬ 
tions. Even colours of considerable intensity are produced from 
it without difficulty, but unfortunately these are not fast to light. 
Wool is dyed in a neutral bath, or with addition of a trace of 
sulphuric acid, and silk is dyed in the presence of soap solution, 
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acetic acid being sometimes added. Archil is not applied to 
cotton. 

Archil was at one time employed to a large extent for “ bottom, 
ing ” indigo, that is to say, the fabric was first dyed with archil and 
subsequently with indigo. The reverse process, known as “ topping," 
has again been considerably in vogue. Cudbear and archil are also 
used to a limited extent in conjunction with other dyestuffs for the 
production of compound shades. White wines are sometimes 
coloured with archil, but its presence can be detected by precipitat¬ 
ing with lead acetate and extracting with amyl alcohol, when a red 
colour indicates the presence of archil or magenta. The addition 
of a little hydrochloric acid changes the colour to yellow if magenta 
be present, but does not alter it if archil is the adulterant (Haas, 
Zeitsch. anal. Chem., 20, 869; J. Soc. Chem. Ind., r, x 19). 

Litmus. 

This colouring matter is well known to the chemist, since white 
paper impregnated with its solution in a slightly acid or alkaline 
condition has long been employed, under the name of red and blue 
litmus-paper, to indicate the presence, in any solution, of alkalis or 
acids respectively. Alkalis change the colour of red litmus-paper 
to blue, acids turn blue litmus-paper red. In alkalimetry litmus 
tincture has, until recently, been the most generally adopted indi¬ 
cator. This use depends upon the fact that the free colouring matter 
'of litmus is red, whereas its alkali salts are blue. 

Commercial litmus has the form of small pale blue cubes, com¬ 
posed essentially of gypsum and chalk mixed with but comparatively 
little colouring matter, which is largely present in the form of a lake. 

It is said to be prepared, chiefly in Holland, from various species 
of lichens, e.g. Lecanora tartarea , Rocalla tinctoria, etc., the same, 
indeed, as are used in the manufacture of orchil (q.v.). Under the 
combined influence of ammonia and atmospheric oxygen the proxi¬ 
mate principles contained in these lichens yield orcein, the alkali salts 
of which are purple (orchil); but if potassium or sodium carbonate 
is present at the same time, the reaction proceeds further, and ulti¬ 
mately atolitmin (the colouring matter of litmus), the alkali salts of 
which are blue, is produced. 

According to Gelis (J. Pharm. Chim., 24, 277 ; Revue Scient., 
6, 50), litmus may be prepared as follows. Orchil-weed is ground 
and mixed with half its weight of potassium carbonate, and then re¬ 
peatedly moistened with urine saturated with ammonium carbonate 
or with an aqueous solution of this salt; the mass soon acquires a 
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brownish-red colour (three days), which gradually becomes purple 
(twenty to twenty-five days), and finally blue (thirty days), yielding 
a litmus of the best quality in forty days. The pulpy mass is mixed 
with chalk and gypsum, then moulded in the form of cubes, and 
dried. 

By modifying the action of air and ammonia upon orcinol, 
through the addition of sodium carbonate, De Luynes also succeeded 
in obtaining the colouring matter of litmus (Comptes rend., 59, 49; 
Dingl. poly. J., 174, 61 ; Chem. Zentr., 1865, 127 ; J., 1864, 551). 
A mixture of 1 part orcinol, 25 parts crystallised sodium carbonate, 
5 parts water, and 5 parts ammonia solution, was heated to 60—80° 
for four to five days with frequent agitation. On diluting the blue 
solution thus" obtained and acidifying slightly with hydrochloric acid, 
the colouring matter was precipitated. On washing and drying, it 
assumed a metallic lustre. It is sparingly soluble in water, but 
readily soluble in alcohol and in ether. 

In making a litmus solution to be employed as indicator, the 
commercial litmus is extracted with boiling water, the filtered solution 
is slightly acidified with acetic acid, then carefully neutralised with 
ammonia, and boiled to expel any excess of the latter. Kept for any 
lengthened period in stoppered bottles, the solution becomes de¬ 
colorised in consequence of a reductive fermentation; on exposure 
to air, however, the original colour is restored. This defect is pre¬ 
vented by saturating the solution with sodium chloride (Reichelt), 
(compare also Bellamy, J. Pharm. Chim., [v.], 18, 433), A dry 
litmus-extract may be prepared, according to Vogel, in the following 
manner [ibid., 45, 64, 70; Chem. News, 1864, 205). Twenty grams 
powdered commercial litmus are twice digested, each time with 150 
c.c. cold distilled water. The second solution, which is alone em¬ 
ployed, is divided into two equal portions, one of which is slightly 
acidified with nitric acid and then mixed with the other. The 
purplish solution thus obtained is evaporated to dryness on the water- 
bath, and the granular amorphous mass is kept in a stoppered bottle 
ready for dissolving in water when required. 

For the employment and characteristics of litmus as an indicator, 
0. R. T. Thomson (J. Soc. Chem. Ind., 6, 198); also art. Acidi- 
metry, vol. i.; Marsh (Chem. News, 61, 2); Berthelot (Ann. Chim, 
Phys., [viLJ, 25, 39); Ronde (Pharm. Zeit., 41, 736); Lescouer 
(Comptes rend., 123, 811); Liittke (Zeitsch. anal. Chem., 31, 69a); 
Foerster (ibid., 28, 428); Glaser (ibid., 38, 273). 

Litmus exhibits a characteristic absorption spectrum. Ether 
extracts it from an acid solution, and forms a yellow liquid, which 
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absorbs the more refrangible end of the spectrum to a point mid¬ 
way between D and E. If the solution is coloured blue by adding a 
drop of ammonia, an absorption-band is formed, commencing at D, 
where it is extremely black, and gradually diminishing to E. A blue 
aqueous commercial solution shows a well-marked absorption-band 
at D. Addition of acid changes the colour to red, the band at D 
disappears, and the spectrum now resembles that of cenolin, the 
colouring matter of red wine (A. H. Allen, Com. Org. Analysis, 325), 
(compare also Vogel, Praktische Spectralanalyse, 1877, 269). 

Our knowledge of the chemistry of the colouring matters con¬ 
tained in litmus is very meagre. Gelis (J. Pharm. Chim., 27, 477) 
isolated from it several compounds in the following manner. After 
extracting commercial litmus with water, the insoluble residue is 
boiled with dilute caustic alkali and the filtered solution is pre¬ 
cipitated with basic lead acetate. The blue precipitate is washed 
by decantation until it begins to dissolve and colour the wash-water. 

' It is then decomposed with hydrogen sulphide, exposed to air until 
free from excess of H a S, collected on a filter and digested with dilute 
ammonia to extract the colouring nutter. On adding acid to the 
filtered solution the main portion of the litmus colouring matters is 
thrown down as a red floeculent precipitate. The filtrate from this 
contains a very small quantity of substance (a). 

On extracting the dried red precipitate with ether and leaving the 
orange solution to spontaneous evaporation, it yields a bright red 
•residue (/ 3 ) containing crystalline needles. This product is insoluble 
in water, but readily soluble in alcohol, also in alkalis with a violet 
colour. The portion insoluble in ether is dissolved in alcohol, and 
on allowing the blood-red solution to evaporate spontaneously it 
yields a large quantity of a reddish-purple product (7) having a 
bronze lustre. This represents the colouring matter most abundant 
in litmus. 

The residue, which is insoluble in water, in alcohol, and in ether, 
contains another product (S) which is soluble in alkalis, from which 
it may be precipitated by acids. The three products / 3 , y, and 8, 
appear to contain nitrogen. 

An examination of litmus was made in 1840 by Kane (Royal 
Sdc. Trans., 1840, 298; Ann. Chim. Phys., [iii.], 2, 129; Annalen, 
39> 571 J- Pharm. Chim., 1841, 569), who isolated from it the chief 
and characteristic colouring matters azolitmin and erythrotitmin, 
together with erythroUm and spaniolitmin. 

According to Kane, finely powdered commercial litmus is ex¬ 
tracted with boiling water. Most of the colouring matter remains 
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in the form of an insoluble lake in the residue, to which hydrochloric 
acid is added till effervescence ceases aqd the mixture is strongly 
acid. The insoluble matter interspersed with liberated colouring 
matter is collected on a filter, washed free from acid, dried, and ex¬ 
tracted with boiling alcohol. The alcoholic solution is filtered from 
an insoluble reddish-brown mass (impure azolitmin) and then eva¬ 
porated to dryness, and the residue is digested with warm ether until 
it becomes no longer coloured. On distilling the filtered ethereal 
solution, erythrole'm is left as a purple semi-fluid oily substance. 
That portion of the alcoholic extract which is insoluble in ether 
consists of erythrolitmin. 

The above-mentioned impure azolitmin is purified, either by 
dissolving it in a large quantity of boiling water and evaporating the 
solution to dryness, or by dissolving it in very dilute ammonia, 
evaporating the solution to dryness, neutralising any residual auK 
monia by dilute hydrochloric acid, and washing with alcohol until 
free from ammonium chloride and excess of hydrochloric acid. The 
residue represents purified azolitmin. 

The colouring matter contained in the deeply coloured solution 
obtained in the first instance by boiling the commercial litmus with 
water and filtering, is isolated as follows. The solution is precipitated 
with neutral lead acetate, the purple precipitate thus obtained is well 
washed, suspended in water, and decomposed with hydrogen sul¬ 
phide. The mixture of lead sulphide and liberated colouring matter 
thus obtained is well washed and digested with warm dilute ammonia; 
the filtered deep-blue solution is evaporated to dryness, the residue 
is moistened with hydrochloric acid, washed free from ammonium 
chloride and any excess of hydrochloric acid, with warm alcohol. 
The residual deep brownish-red powder consists usually of nearly 
pure azolitmin, more rarely of spaniolitmin, a substance very similar 
to azolitmin, but which does not contain nitrogen. 

Since spaniolitmin occurs so rarely in litmus, and erythrolei'n is 
coloured reddish-purple and not blue by alkalis, Kane considers 
azolitmin and erythrolitmin to be the essential colouring matters of 
litmus, in which they are combined with ammonia, potash, and lime, 
and mixed with a considerable quantity of chalk, gypsum, etc. 

Azolitmin is a deep brownish-red amorphous powder, insoluble 
in alcohol and sparingly soluble in water, but readily soluble in 
alkaline solutions with a pure blue colour. Its ammoniacal solution 
gives with metallic salt solutions blue or purple precipitates according 
as they are more or less basic in character. Kane’s formula for 
azolitmin is CjHwNOi, but Gerhardt considers it is best represented 
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by CjH 7 N 0 4 . It differs from all the*other colouring matters isolated - 
from litmus by containing nitrogen. Gerhardt considered it to be 
derived from orcinol, possibly in accordance with the following 
equation:— 

C,H, 0 , + NH S + 3O = C ; H t NO, + 'h 2 o, 
or from orcein thus, C 7 H 7 N 0 3 + O - C 7 H 7 N 0 4 . 

II the percentage composition assigned to this substance is cor¬ 
rect, the explanation of the part played by the necessary alkaline 
carbonate in the manufacture of litmus may be that it facilitates and 
increases the oxidation of the orcinol, so that the orcein at first 
formed is changed into azohtmin (Gerhardt, Ch. Org., 3, 816). 

Scheitz (Zeitsch. anal. Chem., J910, 49, 73ft) has isolated from 
litmus a blue colouring matter distinct from azolitmin in'quantity 
equivalent to 1 5 per cent, of the weight of the purified material. 
It consists of a bright brown powder soluble in formic, acid; pyridine, 
and ammonia, forming a bluish-violet solution with the last-named 
solvcfit. It absorbs ammonia gas with production of a dark blue 
ammonia compound, which dissolves in water to a reddish solution. 
This ammonia compound is a more delicate indicator than the cor¬ 
responding derivative of azolitmin. 

Erythrolitmin, which also constitutes one of the most important 
ingredients of litmus, is a bright-red powder, sparingly soluble in 
water and in ether. It is abundantly soluble in alcohol, from which 
it may be crystallised in the form ot dark-red granular crystals. In 
strong caustic potash it dissolves with a blue colour. With ammonia 
it forms a blue compound which curiously enough is totally insoluble 
in water. With metallic salts it forms lakes of a fine purple colour. 
According to Kane its formula is C 13 H 22 0 5 , and he considers it to 
be an oxidation product of his erythrolcic acid (C'uH.^O,) obtained 
from orchil. 

Erythrolem forms a crimson semi-fluid mass, almost insoluble in 
water, soluble in ether and in alcohol with a red colour, and in am¬ 
monia with a purple colour. With metallic salts it gives purple lakes. 
Kane gives its formula as C, 3 H 22 0 2 . Its general properties are very 
sitqilar to those of the above-mentioned erythroleic acid. 

Spaniolitmin occurs but rarely in litmus, hence its name. It is a 
bright-red substance, insoluble in alcohol and in ether, and very 
sparingly soluble in water. It dissolves in alkalis with a blue colour 
and gives lakes very similar to those of azolitmin. Kane's formula 
for it is C s H 7 0 8 . 

Under the influence of hydrogen sulphide, the colouring matters 
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of litmus are decolorised, Kane’s idea being, that a colourless hydro¬ 
gen sulphide compound is thus formed (». also Malaguti, Ann. 
Chim. Phys., (iii.), 37, 206; Vogel, J. pr. Chem., (ii.), 16, 311). 
Nascent hydrogen, and other reducing agents such as ferrous and 
stannous oxide, etc., also decolorise them by reduction in the ordinary 
manner. Azolitmin thus yields colourless leucazolitmin , which, how¬ 
ever,'rapidly oxidises and becomes coloured on exposure to air. If 
stannous chloride is added to an ammoniacal solution of azolitmin, 
purple-coloured stannous-azolitmin is precipitated; if this is boiled 
with slightly acidulated water there is formed the colourless compound 
of stannic oxide with leucazolitmin, which, if exposed to air, changes 
into the bright scarlet stannic-azolitmin. 

Deoxidising agents such as sulphurous acid and sulphites do not 
decolorise the colouring matters of litmus. 

Azolitmin and erythrolitmin, suspended in water and submitte8 
to the action of chlorine gas, are decolorised and give yellow chlorine 
derivatives, chlorazo/itmin and chlorcrvthrolitmin , substances insoluble 
in water, but soluble in alcohol, ether, and in alkalis. 

In his earliest memoir, Kane (Annalen, 36, 324) mentions that on 
heating the colouring matters of litmus mixed with chalk or gypsum, 
a red vapour is given off which condenses in the form of crystalline 
scales (atm£rythrin) soluble in alcohol. When heated alone, this 
substance is not produced. Although Kane makes no subsequent 
mention of this body it is possible that it was indirubin or even in- 
digotin, since at a later date Wartha (Ber., 9, 217) states that he 
found some samples of litmus to contain indigotin, recognisable by 
the violet vapour given off on heating a few cubes of the commercial 
product in a test tube. Its presence may have been due to the use 
of urine containing indoxyl in the preparation of the litmus. 

Wartha ( loc. at.) gives the following results of his examination of 
litmus. The commercial product is well shaken up with alcohol; 
the filtered purple solution thus obtained nas a green fluorescence, 
and exhibits in the spectroscope a characteristic absorption band 
in the green with an almost total absorption of the violet end. 
The colouring matter (a) itself is obtained on evaporating the 
solution. 

The litmus residue insoluble in alcohol is digested for twenty-fdur 
hours with distilled water, and the filtered deep-coloured solution is 
evaporated to dryness. The extract thus obtained is repeatedly 
treated with absolute alcohol containing a little glacial acetic acid 
and again evaporated, so that all traces of water may be removed, 
and there finally remains a brown powdery mass. On extracting this 
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with absolute alcohol, a large quantity of a scarlet substance (4) is 
dissolved. It is similar to orcein and dissolves in ammonia with a 
reddish-purple colour. That portion of the brown powder which is 
insoluble in the acidified alcohol is dissolved in water, the filtered 
solution is evaporated to dryness, and the residue is repeatedly 
washed with absolute alcohol and evaporated in order to expel all 
traces of acetic acid. The residual brown powder, which is very 
soluble in water, with a reddish-brown colour, but insoluble in al¬ 
cohol and in ether, is the purified and extremely sensitive colouring 
matter of litmus (c). Its alkaline solution is blue, its aluminium and 
tin lakes are violet, and its calcium and barium lakes blue. It 
appears to be very similar to Kane's azolitmin, but it is said not to 
contain nitrogen. The yield of these various colouring matters is as 
follows: (a) 2'3 per cent., (b) 3-4 per cent., ( c ) 57 percent. (Mitchell, 
Chem. News, 1876, 140). 

An examination of the colouring matters of litmus was also made 
by Rochleder and Skraup (Wien. Anz., 1874, 118; Chem. Zentr., 
1874, 424). Other references are Magncr, J. Pharm. Chem., 12, 
418; Desfosses, ibid., 14, 487 ; Peretti, ibid., 14, 539. 

Of interest also in connection with this subject is the fact that 
when ethyl-amino-orsel 1 inic acid is oxidised by air in alkaline solu¬ 
tion it yields an orange-coloured dye possessing basic properties 
(Heinrich and Dorschky, Ber., 1904, 37, 1416). 

A peculiar blue colouring matter similar to litmus, and called 
laurmsol en drapeaux , has long been manufactured at Grand-Gallar- 
gues, Departement du Gard, France, from the Croton tinctorium 
belonging to the Euphorbiacea. Coarse linen cloth is steeped in the 
deep bluish-green sap expressed from the berries and the tops of the 
plant, then dried quickly in the open air, and exposed (or one to 
one and a half hours between layers of straw to the ammoniacal 
vapours of lant or horse-dung ( aluminadon ), care being taken not to 
submit them to this influence too long. The cloth thus acquires a 
deep blue colour. It is then steeped in the sap a second time and 
dried in air till it acquires a purple or dull green. These blue cloths 
are or were used by the Dutch farmers for making an infusion with 
which to impart a red colour to the outside of their cheese, the 
blue being changed to red by the lactic and butyric acids of the 
cheese. 

According to Joly (Ann. Chim. Phys., [iii.], 6, in) the colouring 
matter pervades the entire plant and is readily extracted therefrom 
by water heated to 50—6o°. On being evaporated, an azure-blue 
resinous mass remains. Acids change the blue colour of its aqueous 
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solution red, and this blue is not restored by alkalis, the colour be¬ 
coming thereby rather greenish. It is, therefore, probably quite 
distinct from the colouring matter of litmus, and is, indeed, more 
similar to the blue colouring matter which can be extracted from 
another plant belonging to the Euphorkiacca, viz. Mercurialis 
perennis. 



CHAPTER XVII. 


ISO-QUINOLINE GROUP. 



Barberry —Evodw mclmrfolm—Toddalia aathaln. 

Barberry. 

Barberry or berberry, Bcrleris vulgaris, is a compact bush which 
attains to a height of from 8—to feet, and is found wild in Great 
Britain and throughout most parts of Europe and North America. 
The colouring matter present is berberine, and this, though occurring 
mainly in the bark, is also present in the stem and root of the plant. 

Until recently a concentrated commercial extract of this material, 
known as “ Barberry extract,” was to be found on the market, and 
employed for dyeing silk and leather. It does not appear to have 
been at any time extensively used for these purposes, and is now 
apparently obsolete. 

Barberry is, however, interesting, in that it contains the only 
natural basic dyestuff at present known, and may, in fact, be applied 
to fabrics in the same way as the artificial basic colouring matters. 
Silk and wool, for instance, may be dyed yellow by means of a faintly 
acidulated decoction of the material, preferably at from 50—60°, 
whereas for cotton, a tannin antimony mordant is necessary. 

' For the isolation of berberine the procedure is simple, and con¬ 
sists merely in extracting the ground dyestuff with boiling water 
containing a slight excess of lead acetate. The concentrated extract 
is mixed with hydrochloric acid when, on cooling, crystals of berberine 
hydrochloride separate. Berberine hydrochloride, C 2 oH 18 0 4 NC 1 ,* 

* The substance commonly known as berberint hydrochloridt is, in fact, not 
a hydrochloride, but a quaternary chloride containing the grouping given below, 
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when pure, crystallises in long silky needles which possess an intense 
yellow colour and are soluble in hot water and alcohol. The most 
reliable of the earlier analyses of berberine are those given by Perrins 
(Annalen, Supp., a, 176), who suggested the formula C M H 17 N04, but 
it is now known that berberine has the composition CjoH^NOj. 
The base berberine (or berberinal) is best obtained by adding strong 
caustic soda to the aqueous solution of the sulphate and extracting 
the product with ether, from which it separates in yellow needles 
and melts at 144° (Gadamer, Archiv der Pharm., 1905, 243, 34). 
Berberine is a strong base, yielding well-defined crystalline salts 
of a deep yellow colour, of which the following may be given as 
examples:— 

Berberine nitrate, CjoHjgNO*. NOj, Berberine hydrochloride, 
C 2 oH 18 N 0 4 C 1 , Berberine hydriodide, CjjHjgNOJ, and Berberine plati- 
nichloride (C 2 oH 18 N 0 4 ) 2 PtCI,,. 

The most important of the early work on berberine is that of 
Hlasiwetz and Gilm (Jahres., 1864, 407), who by reducing the base 
with zinc and sulphuric acid prepared tetrahydroberberine, C 20 H sl NO4, 
and by fusion with alkali obtained the acids C B H 8 O fl and C 8 H 8 0 5 , 
the second of which was termed berberim'c acid. Perkin (Chem, Soc. 
Trans., 1889, 55, 89), who subsequently examined this latter com¬ 
pound and found that its properties agreed in all respects with those 
given by Hlasiwetz and Gilm, has shown that it possesses the consti¬ 
tution of a homocatechol carboxylic acid. 

Interesting is also the fact that by the alkali fusion of berberine, 
or by distilling it with lime, Bernheimer and Bodecker isolated an 
oily base which they regarded as quinoline, but which is now known 
to be iso-quinoline. 

The most valuable results, however, have been afforded by a 
study of the oxidation products of berberine hydrochloride. Weidel, 
who employed nitric acid for this purpose, obtained berberonic acid, 
C s H s NO(, which he rightly regarded as a pyridine tricarboxylic 
acid, and this has been more recently shown to consist of the 
2:4:5 compound— 

and should be named berberinium chloride (W. H. Perkin, Chem. Soc. Trans., 
1918,113, 503)— 

\/ CH \ C /\/ 

/'\ch 4 \/ CH ‘ 

u CH, 

The old names for this and the other salts described are, however, retained in 
this article. 
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COOH^ 


jCOOH 


COOH 


whereas Schmid and Schilbach (Arch. Pharm., [3], 35, 164) by 
the action of permanganate obtained some quantity of hemipinic 
acid— 

COOH 

MeO/NcOOH 

MeOi X/ J 

Subsequently, W. H. Perkin, junr. (Chem. Soc. Trans., 1889, 55, 
75; 1890, 57, 991; 1910, 97, 323) published a series of elaborate 
researches on this subject, and it is almost entirely to these that 
,our present knowledge of bcrberine is due. By adopting special 
precautions and by the employment of a very large quantity of 
material, this author succeeded in obtaining from berberine hydro¬ 
chloride by the action of permanganate, numerous important com¬ 
pounds, the study of which gave the clue to its constitution. The 
operations employed are of too involved a nature to be dealt with in 
detail here, but a general idea of the methods employed can be 
gathered from the following scheme fp. 570) drawn up by the in¬ 
vestigator himself ( loc. cit., 1890). 

Among the oxidation products of berberine, anhydroberberilic acid 
and berberal have proved to be the most important, and these only 
will be discussed here in detail. 

Anhydroberberilic acid, C 2 oH i; N 0 8 , as its name denotes, is an 
anhydro derivative of berberilic acid, into the sodium salt of which 
it is readily transformed by the gentle action of sodium hydroxide 
solution— 

CjoHijNOg + 2NaOH » C 2 oH l 7NOjNa 2 + H 2 0 

Berberilic acid, C 2 oHi # N 0 9 , though only slowly attacked by alkalis, 
is readily hydrolysed by boiling dilute sulphuric acid, and Perkin 
thus obtained hemipinic acid and a basic compound, C w H u NO,~ 

CH,O v /COOH 

CjoHjjNOj + HjO - >C,H 2 ( + C w H„N 0 4 

CH, 0 / x COOH 

This latter substance proved to consist of <u -ammoethylpiperonyl car- 
boxy lie acid — 
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CH S —0 

X 


'|COOH 

iCH a —CH a —NHj 


and the main facts which lead to the determination of its constitution 
are as follows:— 

When boiled with water, it readily, loses the elements of water 
with production of the anhydride— 


CH 


/0 \C,H / 


CO —NH 

I 

ch 2 —CHj 


which reacts with nitrous acid to give the nitroso derivative— 


/°\ 

CH <0> 


C«H. 


.CO . N . NO 

< I 

X CH,. CHj 


and this compound with dilute caustic soda evolves nitrogen with 
the production of m-hydroxyethylpipcronyl carboxylic acid— 


/°\ 

CHX x ' 


C H / 

2 \ o /C,H 2 \ 


COOH 

CH 2 . CH 2 . OH 


The anhydride— 

,0. , CO-O 

CH / )C„H / | 

x o/ X CH 2 .CH 2 


readily obtained from this latter by merely boiling with water, when 
fused with alkali yields catechol and protocatechuic acid — 


OH 

OH 


\ 

/ 


C„H 3 . COOH 


and by the action of hydrochloric acid at 170—175° is converted 
with loss of carbon, a reaction characteristic of piperonal derivatives, 
into hyiroxycthylcatcclwlcarboxytic anhydride — 



OH. . CO—0 

>C,H 2 ( I 
oh/ x CH a —CH a 


+ C 


As the result of these experiments, there could be little doubt that 
berberilic acid (1) and its anhydride (a) possess the constitutions 
given below— 
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MeO 


Meo/V-COOH COOh/V^ 

( I ) |l_CO-NH. CH 2 . CH 2 -1 x Jo/ CH * 

MeO 

MeO/V-CO v COOH/\o\ 

( J ) \yL-CO—N—CH 2 . CH.-i^o/ 0 ^ 

and that these are correct was subsequently established by the ob¬ 
servation that the hemipinate of w-aminoethylpiperonylcarboxylic 
acid (3) on heating is transformed into anhydroberberilic acid— 


( 3 ) 


MeO v ,COOH COOH, 

/C«Hjs /C # H 2 

MeO x x COOH, NH 2 . CH,. CH/ 



Bbrbekal. 

As in the case o! berberilic acid, the constitution of berberal has 
been established mainly by a study of the products of its hydrolysis. 
By the action of alcoholic potash it yields the w-aminoethy!piper- 
onylcarboxylic acid discussed above, and an acid C M H w 0 5 , and thus 
resembles berberilic acid which under similar conditions gives hemi- 
pinic acid in the place of this latter. 

The acid C 10 H w O 5 on examination proved to be constituted 
similarly to opianic acid (1), and was, therefore, termed pscudo- 
opianic acid (2)— 

MeO MeO 

Meo/NcOOH MeO^NcOH 

(') l Jem W lyCOOH 

Thus by the action of caustic potash solution it gave veratric acid— 
MeO 



COOH 


and when reduced formed the unstable acid (3) which readily passed. 
into pseudomeconinc — 
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Perkin now found that whereas pseudo-opianic acid and u-amino- 
ethylpiperonylcarboxylic acid on heating together give first the salt 
of the base, that this subsequently by elimination of water passes 
into berberal— 

CioHjyOs + Cn,H # N 0 3 = C 2 oH 17 NO ; ■+• H a O 
Apparently, therefore, berberal could be represented as follows:— 
MeO 0 -CH a 

• CH V 



and this formula was at first adopted. 

Liebermann, however (Ber., 1896, 29, 175), subsequently pointed 
out that when opianic acid reacts with aniline to form anilinoopianic 
acid(i) the latter behaves as a derivative of hydroxyphthalide (2)— 


MeO 


(0 


MeO, 


CO 


MeO 


Ow 


>0 

NH . C.H 6 


(*) 


MeO, 


CO 


O 


CHOH 


and it is now generally accepted that in the condensations of 
opianic acid with basic substances, it is always the carbon atom of 
the aldehyde group which becomes attached to the nitrogen in the 
final product. 

As a result of this later work, Perkin and Robinson (loc. cit.) 
have modified the original expression for berberal as follows :— 

MeO 

MeO/\/ CH — NCH - CH ^A 0 \ ch 

Oxco >! .-O 


An examination of the formulas both of berberilic acid and of ber¬ 
beral, led Perkin in 1890 to the consideration that in berberine the 
following groups of atoms are present— 



and that, in order to construct a formula for this alkaloid, these re¬ 
quire to be united with the addition of but one atom of hydrogen. 
As a result the following constitution was assigned to this alkaloid— 
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CH ,0 


CHjO 

/\/ C \/ 


CHj—0 

i ! 

0 


o 

H 


N CH, 

\/ 

CH, 


H 


this structure being based upon the older formula of berberine, 
C S oH 17 N 0 4) which at that time was considered to be correct. 

Recently Perkin and Robinson ( loc. tit., p. 318) have pointed 
out that the methylenedioxy-group in Perkin’s original formula 
had been incorrectly placed, as was evident from an examination 
of the structure of w-aminoethylpiperonylcarboxylic acid (cf. also 
Freund and Beck, Ber., 1904, 37, 4673). Moreover, as a result 
of the newer views of the former authors as to the constitution 
of berberal {loc. tit.) the position of the methoxy groups in the 
old berberine formula required modification. It is now considered 
that berberine has the formula C^HisAN, and is represented by 
formula (1), and that for the purpose of salt formation it under¬ 
goes change into the modification called berberinium hydioxide 
(2), from which the salts are obtained by the replacement of the 
OH group by the acid radicle— 


(>) 


MeO 


0 -CH 2 

/ 


Q/ ch \c/ 


MeO 


\Ch/ N \/ 

j Lxlr 

OH 


CH, 


0 -CH S 

/ 


(2) /\/ CH \ C /' 


MeO 


OH 


CH a 
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The reasons for this assumption (W. H. Perkin, jun., Chem. Soc. 
Trans,, 1918, 113, 503) are based on the similarity between ber- 
berine and cotamine, but are too complex to enter into in this 
article, and for their understanding the literature must be consulted 
(cf. Robinson and Robinson, Trans., 1917, in, 958). 

Interesting is the fact that though the salts of berberine are de¬ 
rived from the hydroxyl formula amd contain the grouping— 


\/ CU \ C /\/ 


' ,n x ;ch. 


(where X = Cl, HS 0 4 , N 0 3 , etc.), the alkaloid itself exists as 
a different modification. 

s When berberine sulphate is treated with barium hydroxide 
.(Gadamer), a strongly alkaline liquid is produced which possibly 
contains the hydroxy modification of berberine (berberinium hydrox¬ 
ide), but if to this solution excess of sodium hydroxide is added, 
the yellow modification known as berberinal is obtained. The con¬ 
stitution assigned to this substance by Gadamer was— 


O- 

A° 


MeO 


/ CH \A 


CH, 

/ 


MeO 


"CHO 


NH X /'CH ; 


CH, 


but its most probable structure is that represented by the formula 

0-ch 2 


|0 


/ 


/\/ CH \c/ v 

Me 0 k/\ ch/nx /' 011 ' 2 

MeO | CH 2 

OH 


(compare Tinkler, Chem. Soc. Trans., 1911, 99 » 1 345 )- 

When treated with excess of alkali, berberinal yields dihydro- 
berberine (1) with simultaneous formation of oxyberbenne (i), 
owing, according to Gadamer, to the conversion of the COH 

575 



THE NATURAL ORGANIC COLOURING MATTERS 


group into CH a (OH) and COOH in the manner characteristic of 
aromatic aldehydes— 


(0 


/ CH \c/ 


MeC V\CH/N\/ CH 

MeO 2 CH 2 


/ 



-CHj 


(*) 


'X/ CH \C/ 



Me 0 V\co / N \/ CH2 

MeO CH 2 


The latter compound as indicated in the table on p. 570 was 
first obtained by Perkin as an oxidation product of berberine. 

On the other hand, Faltis (Monatsh., 1910, 31, 557) considers 
the reaction of berberinal with alkali to be similar to that which takes 
place between quinoline methiodide under the same conditions and 
that the products of the reaction are oxyberberine and tetrahydro- 
berberine (cf. Decker, 1903, 1205 and 2568). It has, however, 
recently been shown conclusively that Faltis’ view is incorrect 
(W. H. Perkin, private communication). 

Berberine is closely allied to hydrastine, which occurs along with 
it in Hydrastis canadensis, and the relationship between these com¬ 
pounds is clearly evident, if the formula of Gadamer for berberinal 
and that of hydrastine (see above) are compared— 

0-CHj 



Berberinal. 
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Hydrastine. 

In 1911 Pictet and Gams (Ber., 1911, 44, 2480) were successful 
in effecting the synthesis of berberine by the following series of re¬ 
actions. 

Homopiperonylamine, CH 2 : 0 2 : C„H S . CH. . CH 2 . NH 2) by 
condensation with the chloride of homoverutric acid, 
(CH, 0 ),C,H,.CH ! .C 0 C 1 ) 
yields homo-veratroyl-homofiperonylamine (1)— 
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and this compound on treatment with phosphorus pentoxide in the 
presence of boiling xylene is transformed into the dihydro-quinoline 
base (2). By reduction with tin and hydrochloric acid this passes 
into veratroyl-methylcne-dioxy-trfrahydro-iso-quinoline [veralryl nor- 
hydro-hydras!inine) (3)— 

0—ch 2 

/ 

... , 

(*) 


MeO 1 
MeO 


/ CH *\c/\ 


N\ /CH S 
CH a 

0—ch 2 

s/ 


( 3 ) 


MeO' 
MeO 


/ CHj \ch. 


NH-^CH, 

CH. 


S77 


37 



THE NATURAL ORGANIC COLOURING MATTERS 


which on treatment with methylal, CHj(OCHj)j, gives tetrahydro- 
bcrbcrint (4), a compound originally prepared by Hlasiwetz and 
Gilm, and subsequently examined by Perkin and others. This by 
the action of mild oxidising agents such as iodine or mercuric 
acetate is readily transformed into berberine (5)— 
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For the synthesis of oxyberberine the paper of Pictet and Spengler 
(Ber., 1911, 44, 2036) must be consulted. 

Numerous plants contain berberine, and'though most of these 
have been or are used medicinally, their employment for dyeing has 
apparently been of rare occurrence. The following list embodies 
most of these:— 

Berberis aquifolium (Gordin, Arch. Pharm,, 1902, 240, 146), 
B. oetnensis (Perkin, Chem. Soc. Trans., 1897, 71, 1198), Cos- 
sittium fencstratum and Xanthorrisa aquifolia (Perrins, Annalen, 83, 
276), Hydrastis canadensis (Mahla, Amer. Chem. ]., [2], 33, 843), 
Coptis aceta and C. trifolia, Chtlidonium majus and Stylophorum 
diphyllum (Schlotterbeck, Amer. J. Pharm., 1902, 74, 584), Evodia 
meliafolia and Toddalia aculeata (Perkin and Hummel, Chem. Soc. 
Trans., 67, 414), Xanthoxytum clava Herculis (Chevallier and 
Pelletan, Journ. de Chim. Medicale, 1826, 2, 314), yellow Assam 
wood or “Woodumpar" (Crookes’ “Dyeing and Calico Printing’ 1 ), 
Cocloclincpolycarpa (Stenhouse, Annalen, 66, 384; 69, 40), Archan- 
gelisa Imnis-cata (Becc.) and Mahonia nepaltnsis (D.C.), (Brooks’ 
Philippine Journ. of Science, 1910, v., 442). 

For the commercial preparation of berberine the Hydrastis cana¬ 
densis, which contains about 4 per cent, of the alkaloid, forms the 
best available material. 
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EVODIA MRLIARFOLIA. 

This tree, belonging to the Rutacea, is found in China and 
Japan, where its bark is largely employed in dyeing and in medi¬ 
cine. It was formerly described by Loureiro as Ptero-carpus flavus, 
but this error was eventually corrected by P. W. Squire (Pharm. J., 
(3), 1888, 18, 785), who showed it to be really Evodia g/auca, which 
is synonymous with E. meliaefolia. By qualitative tests, Martin, 
Tokio (Arch. Pharm., 1878, 13, 337) and Squire [toe. at.) suspected 
the presence of berberine , and this colouring matter was subsequently 
isolated by Perkin and Hummel (Chem. Soc. Trans., 67, 415). 

Toddalia aculkata. 

Toddalia aculeata (Pers.).—This Indian plant, belonging to the 
.futacM, is a rambling shrub found in the sub-tropical Himalayas, 
in the Khasia mountains, and throughout the Western Peninsula and 
•Ceylon. 

The root bark is or was used in Madras as a yellow dyestuff, 
and it is also highly spoken of by various wiiters as one of the most 
valuable Indian medical products, possessing tonic, stimulant, and 
antipyretic properties. It was introduced into European medicine 
in 1771, and at one time enjoyed some celebrity under the name of 
“Lopez Root,’’ but it has long since fallen into disuse. According 
to Brooks (Philippine Journal of Science, 1910, v., 442) this plant 
-is common in the Philippines, but so far as is known is not used as 
a dye by the natives. The colouring matter it contains is btrberinc 
(Perkin and Hummel, Chem. Soc. Trans., 67, 413). 
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CHAPTER XVIII. 


COLOURING MATTERS OF UNKNOWN CONSTITUTION. 

Insoluble Red Woods : Sanderswood—Barwood—Caliaturwood—Narrawood— 
Camwood—Red Dura—Safflower—Species of Coprosma— Kamala—Waras 
—Saffron—Green Ebony—Cotton Seed— Eriotoccus coriaeeus— Annatto— 
Nycanihcs arbor-tristis — Cedrtla toona — Algarrobin — Lycoperdon gem. 
matum —Phoenin and Phoenicein—Lokao. 

The Insoluble Red Woods. 

The dyestuffs of this small group, Sanderswood, Barwood, Caliatur-' 
wood, Camwood, and Narrawood, all possess very similar dyeing 
properties, and owing to the sparing solubility in water of the resinous 
colouring matters which they contain, they are called “ insoluble red ” 
woods. They cannot, therefore, be made to yield the same type of 
commercial extract as is given by the soluble red woods, Brazil¬ 
wood, Sapanwood, etc. 

These dyewoods are chemically interesting in that the colouring 
matter present is substantive to wool, and thus, by merely boiling' 
the material in an aqueous extract of the wood, or in a bath contain¬ 
ing this in suspension, a brick-red shade is produced. It is remark¬ 
able, however, that though the tinctorial constituents of all these 
woods are readily soluble in alcohol, that the dye cannot now be 
removed from the fibre by this solvent, and it thus seems probable 
that it may exist thereon in the form of an acid calcium salt. Thus 
only by previously steeping the wool in concentrated hydrochloric 
acid, and subsequently washing, can the colouring matter be extracted 
by alcohol. The shades given by sanderswood, barwood, and caliatur¬ 
wood are of a very similar character, camwood, on the other hand, 
giving somewhat bluer tones, and again according to dyers its colour¬ 
ing matter is more readily dissolved by water than that of the other 
dyewoods of this class. 

Chromium. Aluminium. Tin. Iron. 

Camwood . Red-violet Red Blue-red Violet 

Sanderswood Brown-red Orange-red Red Maroon 
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Though now practically unemj^oyed in cotton dyeing, these woods, 
and especially barwood, were used considerably at one time in 
the production of a “mock Turkey-red". For this purpose the 
material was mordanted with a tin mordant, employing either stan- 
nate of soda or'stannic chloride, and subsequently tannin or sodium 
carbonate as the fixing agent. On dyeing with barwood, a good 
bright red colour was thus produced, fast to milling but somewhat 
fugitive to light. 

In wool dyeing, these woods still find a moderate application, 
usually in conjunction with other dyewoods, such as logwood and 
fustic, for the production of compound shades, and to a slight extent 
as a “bottom” in indigo dyeing. The general method of dyeing 
with them consists in first boiling the wool in a bath containing the 
wood, and then subsequently adding a solution of either potassium 
dichromate, ferrous sulphate or copper sulphate, the first operation 
being known as “ stuffing ” and the second, in which the shade be¬ 
comes much browner, “ saddening 

The colours given by these dyewoods are somewhat fugitive 
to light, and thus they have been almost superseded by the 
alizarins. 


Sandkrswood. 

This dyestuff, known also as Red Sandcrswood , Santalwood , or 
Sandehuood, is the product of the Rterocarpua santalinus (Linn.), a 
papilionaceous tree growing in tropical Asia. It is, or was, imported 
from the East Indies, Ceylon, the coasts of Coromandel and Malabar, 
Golconda, Madagascar, etc. It comes into commerce in the form 
of hard heavy billets of a dull red colour. In the state of powder 
it gives off a faint aromatic odour like that of orris root, specially 
noticeable when it is heated or boiled with water. It yields to 
alcohol about 196 per cent, of extract, mainly consisting of colour¬ 
ing matter which is sparingly soluble even in boiling water, though 
readily in alcohol. 

The resinous colouring matter was first isolated from Sanders- 
wood by Pelletier (Ann. chim. phys., 1832, (2), 51, 193), who 
termed it sandel red, and assigned to it the formula Q H w O s . 
Meier (Arch. Pharm., 1848, 55, 285 ; 56, 41) named the colouring 
matter he obtained santalic acid or santatin, and though he did not 
analyse it, considered it to be a purer form of Pelletier’s “ sandel 
red Meier extracted the wood with ether, evaporated the solution, 
and washed the residue with water. The impure product was dis¬ 
solved in alcohol, the colouring matter precipitated by means of lead 
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acetate, and the lead salt was collected and well washed with alcohol. 
In alcoholic suspension this lead compound was now decomposed 
by dilute sulphuric acid, and the clear liquid, after removal of the 
lead sulphate, was evaporated to crystallisation. Thus obtained, the 
santalin consisted of minute red crystals, melting-point 104°, insoluble 
in water but very soluble in alcohol. Sulphuric acid dissolved it 
with a dark red tint and caustic alkalis with a purple colour. Some¬ 
what later Weyermann and HalTely (Annalen, 1850, 74, 226) suggested 
for santalin the formula C ]5 H u 0 6 , though Franchimont and Sicherer 
again (Ber., 1879, I2 > 14) considered the formula QjHuOj prefer¬ 
able. These latter authors who adopted a process very similar to 
that devised by Meier, could not obtain santalin in a crystalline 
condition, though this melted at 104—105°. Fused with caustic 
potash the amorphous product gave acetic acid, resorcinol, and prob¬ 
ably also protocatcchuic acid and catechol, and when heated with 
hydrochloric acid at 180° methyl chloride was evolved. Nitric acid 
gave oxalic acid and a yellow bitter substance, probably picric or 
styphnic acid, and when oxidised with permanganate, a crystalline 
substance having a strong odour of vanillin together with oxalic and 
acetic acids was produced. Weidel (Zeitsch. fur Chem., 1870, 6, 83) 
extracted the wood with boiling dilute alkali, neutralised the solution 
with hydrochloric acid and collected and dried the voluminous brick- 
red precipitate. By long-continued extraction with ether he obtained 
from this two crystalline substances, santal, 2C 8 H S 0 3 , 3HUO, which is 
colourless, and a bright red compound, c 14 h 12 o 4 . 

Santal crystallised from alcohol in colourless rectangular plates, 
sparingly soluble in alcohol, soluble in caustic alkaline solutions, with 
a pale yellow colour. With alcoholic ferric chloride a red coloration 
was produced. When treated with bromine, a crystalline bromo 
compound C 8 H < Br J O s was obtained, and by fusion with alkali, pro- 
tocatechuic acid was produced. 

The compound C u H 12 0 4 , which is very sparingly soluble in boil¬ 
ing alcohol, was obtained as a red crystalline powder possessing a 
green metallic lustre. It dissolved in caustic alkalis with a reddish- 
purple colour, and in sulphuric acid with an orange tint. Perkin 
(Chem. Soc. Trans., 1899, 75, 443) obtained from the commercial 
santalin of Merck of Darmstadt, by the employment of alcoholic 
potassium acetate, a potassium salt which on analysis agreed with 
the formula C so Hj 7 O s K. 

Cain and Simonsen (Chem. Soc. Trans., 1912,101,1061) give two 
methods for the preparation of santalin from the wood, and also for 
its subsequent purification. In one case an alcoholic, and in the 
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second an ethereal extract was employed, and in both instances the 
colouring matter was isolated by means of its lead salt. The product 
from the former process was converted into potassium salt and the 
colouring matter obtained by its decomposition repeatedly crystal¬ 
lised from alcohol, whereas that obtained by the latter method was 
crystallised only from dilute alcohol. Santalin thus prepared con¬ 
sisted of a bright red micro-crystalline powder which softened at 
123" and melted to a deep red oil at 226°. It possessed the formula 

Ci«H u 0 4 0Me, 

and gave with potassium acetate the salt C30H27O10K. 

When santalin is acetylated, diacetyl santalin , Ci 5 H 12 0 5 (C 2 H ! |6)2, 
a reddish-brown micro-crystalline powder, is obtained, whereas by 
acetylation in presence of sodium acetate and zinc-dust a compound 
CjjMjoOd, isolated as a pale brown powder, melting-point 242—243°, 
is produced, and this appears to contain three acetyl groups. San¬ 
talin methylated by means of methyl sulphate and aqueous alkali 
gives santalin dimethyl ether, C 15 H 1 » 0 3 ( 0 Me) 2 , a red, micro-crystalline 
powder, melting-point 165—167°, and a second compound CjsHjdOo, 
melting-point 248 — 250°. The latter is obtained in much larger 
quantity when the operation is carried out in alcoholic solution. 

By oxidation with permanganate, santalin dimethyl ether gives 
butyric, veratric, and anisic acids. 

Nitro - diacetyl - santalin, C ]P H 17 0 # N, scarlet micro - crystalline 
powder, melting-point 180—181 0 ; dibenzoyl-santalin, C 8fl H 2li Oj, 
brown-red powder; santalin oxime, C 15 H i ., 0 5 N T , red powder; and 
benzene-azo-santalin, C # H S . N 2 . C I; ,H 13 0 6 , purple powder, have also 
been described. 

In a later paper (ibid., 1914, 105, 1335) Cain, Simonsen and 
Smith consider that the formula C 16 H u Oj originally assigned by 
them to santalin should be doubled. Thus santalin monomethyl 
ether, the second product of the methylation of santalin referred to 
above, gives, similarly to the dimethyl ether when oxidised, anisic 
and veratric acids, and therefore cannot possess the simple formula 
fuHioO s (OMe)j. 

Again, by oxidation in the same way, nitrosantalin dimethyl ether 
yields anisic acid, 4 nitro : 2 : ydimethoxybensoic acid and two other 
adds at present unidentified. 

According to Grandmougin, santalin on distillation with zinc-dust 
yields anthracene, and though Cain, Simonsen and Smith were unable 
to confirm this result, they are inclined to the opinion that it is pos¬ 
sibly a di-anthracene derivative, thus— 
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It is also suggested in their paper that the monomethyl ether yield¬ 
ing as it does anisic and veratric acids, has an unsymmetrical formula 
in which the two hydroxyls and four methoxy groups are distributed 
in the four benzene rings as shown below:— 


OMe OMe 



By the reducing acetylation of santalin dimethyl ether the com¬ 
pound C 31 H 3a O 10 . 0 . COCHj, melting-point 192", is obtained, and 
by this reaction one ketonic group appears to have been reduced, 
and subsequently to have undergone acetylation. Ethyl-carbamto- 
santalin, C 30 H M O lo {CO 2 Et) 2 , a red-brown powder, has also been 
obtained by these authors. 

O’Neill and Perkin (Chem, Soc. Trans., 1918, 113, 125) isolated 
the colouring matter from an alcoholic solution by means of strong 
aqueous baryta, thus avoiding the very tedious filtrations involved 
by the lead acetate method. The crude product thus obtained is 
submitted to a fractional separation, for which purpose ethyl acetate 
and ether are mainly employed, and as a result these authors con¬ 
sider that at least two colouring matters, santalin and deoxysanialin, 
are present in this dyewood. 

Santalin obtained by this method consists of a chocolate-coloured 
powder which when heated softens at 243°, decomposes at 250— 
260°, and at 270° is converted into a honeycombed carbonaceous 
mass. The formula C 2 4H S2 0 8 is proposed for this substance rather 
than the Cj<,H 28 Oio adopted by Cain and Simonsen, whereas the 
potassium compound given by potassium acetate is represented either 
as C M Hg70 3a K or C^H^OjuK. Acctylsantahn, ig0g(CjH 3 0)4, 

on heating commences to decompose at about 225°, and at 250-1- 
260° yields a carbonaceous mass. 

Dtoxysantalin, the more soluble colouring matter, to which the 
formula C S1 H 2< 07 is tentatively assigned, consists of a bright red 
powder, the solution of which in ether exhibits a greenish fluorescence. 
Unlike santalin, the alcoholic solution gives no immediate precipitate 
with potassium acetate, and only by means of excess of the re¬ 
agent, or on keeping, does a gelatinous deposit separate. Its colour 
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reactions, employing alcoholic hydrobromic- acid, alcoholic ferric 
chloride, and sodium hydroxide solution, are of a much yellower 
character than those'given by santalin with these reagents. Acetyl 
deoxysantalin, Cj 1 H 2 f 1 0 T (C 2 H. i 0 ) 1 , forms an almost colourless powder 
very distinct in appearance from acetylsantalin. A molecular weight 
determination of acetylsantalin employing naphthalene as solvent 
made by these authors gave the extremely high figure 2558. This 
approximates to that given in a similar way by acetyl-iso-santalin 
(loc. cit., Camwood), but the inference to be drawn from these results 
is doubtful, in that the naphthalene solution may be of a colloidal 
character. According to O’Neill and Perkin, deoxysantalin is possibly 
the santalin described by Meyer, and may still contain some impuiity 
which has hitherto prevented its isolation in a crystalline condition. 
The shades given by santalin and deoxysantalin on mordanted 
"Woollen fabrics are of a very similar character to those given by 
sanderswood itself and are referred to in the article on Camwood. 

O’Neill and Perkin point out that the dyeing property of sanders- 
wood seems to be due rather to deoxysantalin than to santalin, and 
although sanderswood is specially rich in colouring matter, it is 
astonishing how little of this comes into play during the dyeing 
process. Proof of this is obtained by dyeing wool with 60 per 
cent, of sanderswood and at the end of the operation employing 
the residual wood twice for dyeing fresh material. The first pattern 
possessed the usual colohr, the second was pale pink, and the third 
’was practically undyed, indicating that all the colouring matter 
soluble in water had then been removed. The woody matter, how¬ 
ever, now yielded to alcohol 13 8 per cent, of extract compared with 
the 19'4 per cent.* originally present, and this consisted of a dark 
red resinous mass and contained much santalin. Even, therefore, 
if it be presumed that all the soluble matter removed from the wood 
in the dye-bath is colouring matter (and this is improbable), it is 
evident that the larger proportion present therein, owing to its 
insoluble nature, remains undissolved and takes no part in the 
operation. Attempts to isolate Weidel's compounds (loc. cit.) from 
sanderswood were unsuccessful. 

In addition to colouring matter, sanderswood contains two 
neutral compounds, Ptero-carpin and Homo-ptcro-carpin, which were 
first isolated by Cazeneuve and Hugonueng (Comptes rendus, 1874; 
civ., 1722). These authors extracted a dried mixture of the wood 
and slaked lime with ether, and the product which remained on 
evaporating the ether was crystallised, first from alcohol and then 
fractionally so from carbon disulphide. 
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Ptero-carpin , the more sparingly soluble compound, and to which 
the formula Q 0 H 1( O t was assigned, consisted of colourless plates, 
melting with previous softening at 153°. It was insoluble in alkalis 
and acids and possessed the specific rotatory power of [a,] » - m. 
By the action of bromine, in presence of carbon disulphide, it yielded 
brompterocarpin , C^H^BrOj, and this crystallised from a mixture of 
alcohol and benzene in fine needles. Smith (Philippine Journal of 
Science, 1910, v., 451) has, however, shown that the correct formula 
of pterocarpin, also present in Narrawood, is C 14 Hi 2 0 4 , and its 
melting-point 163°. 

According to Cazeneuve and Hugonueng, Homopterocarpin, 
which is somewhat readily soluble in carbon disulphide, melts at 
83—86°, has the formula C 2< H 24 0 6 , and in an approximately 5 per 
cent, solution in chloroform, its specific rotation is [oj] = — 199- By 
bromination it yielded bromhomopterocarpin, C 24 H 2s Br05, amorphous," 
and hexabromhomopteroairpin , C 24 H ia Br 8 0 4 , crystallising in plates, 
whereas with nitrous acid an unstable nitroso derivative, C 34 H 23 
(NO)Oj, was obtained. Fuming nitric acid gave trini/ro-orcinol and 
fusion with potassium hydroxide phloroglucinol. When heated with 
hydriodic acid, methylic iodide was evolved, and was evidence of 
the presence of melhoxy groups. 

, Brooks ( loc. at.), who also isolated homopterocarpin (melting- 
point 86°) from Narrawood, has assigned to it the formula C 17 Hi S 0 4 , 
and finds that when fused with alkali it gives resorcinol , and when 
distilled with zinc-dust resorcinol dimethyl ether. Ryan and Fitzgerald 
(Proc. Roy. Irish Acad., xxx., 1913, 106), who obtained homoptero¬ 
carpin (melting-point 88°) from barwood, also adopted the formula 
CjjH 1# 0 4 , but could only obtain from it a iibrom derivative , 
Ci T H 14 Br 2 0 4 , which crystallised in colourless needles, melting at 200°. 
Contrary to Cazeneuve’s statement it contains no methoxy group, 
but nevertheless a phenolic substance is obtained from it by the ac¬ 
tion of hydriodic acid. Again, the specific rotatory power previously 
assigned to it by the latter author is too low, and in an approxi¬ 
mately 4 per cent, solution in chloroform is [aj 20° C. = - 211°. 
Ryan and Fitzgerald consider it possible that homopterocarpin is 
derivative of chromane or cumarane. 

Barwood. 

Barwood is the wood of a large, fine tree, Baphia nitiia (Lodd.), 
and is imported from the west coast of Africa, e.g. Sierra Leone, An¬ 
gola, etc. In the log its physical properties are generally similar to 
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those of sanderswood j in the rasped condition it has a somewhat 
brighter red colour and is devoid of aromatic odour. According to 
Girardin and Preisser, boiling water extracts about 7 per cent, of 
colouring matter, alcohol about 33 per cent., and hydrated ether 
about 19 per cent. 

Anderson (Chem. Soc. Trans., 1876, ii., 582) extracted ground 
barwood with anhydrous methylated ether free from alcohol. By 
spontaneous evaporation of the concentrated ethereal solution a 
small quantity of bafhic acid is deposited in the form of tabular 
crystals. After further evaporation, mixing the concentrated extract 
with alcohol, and allowing to stand for some days, there is deposited 
a crystalline magma of bafhiin contaminated with a solid red colour¬ 
ing matter and some dark viscous colouring matter not yet examined. 

After exhaustion with ether the wood is extracted with alcohol, 
’•and after concentrating the solution it is left at rest for some time, 
when it congeals to a semi-crystalline mass which contains a viscous 
red colouring matter and a crystalline constituent not examined. 

Bafhiin , Cj 4 Hj g 0 8 (melting-point about 200°), crystallises from 
alcohol in the form of lustrous tabular crystals having an odour of 
orris root; from ether it crystallises in tufts of needles. It is insol¬ 
uble in water, and very sparingly soluble in benzene or in carbon 
disulphide. In alcoholic solution it rapidly oxidises on exposure to 
air, producing orange-red or pale purple colours. 

Bafhic acid , C 24 H 22 0 (, or C 24 H 22 O 10 , is prepared by boiling baphiin 
' with dilute caustic potash, and adding hydrochloric acid, when it is 
thrown down as a yellowish-white precipitate. Crystallised from ether 
it forms white nacreous scales, very soluble in ether, slightly less so 
in alcohol, and insoluble in water (cf. Santal). 

Baphinitin, C2 4 H 24 0 # , is thrown down as a crystalline precipitate 
on the addition of water to the filtrate from the precipitate of lead 
baphate which is formed on mixing alcoholic solutions of baphiin 
and lead acetate. It is also the chief product of the action of boil¬ 
ing dilute caustic potash on baphiin. Baphinitin forms white needles, 
soluble in alcohol or in ether, but insoluble in water; it has the 
sajne odour as baphiin but stronger (cf. Pterocarpin). 

Bafhinitont , Cj,H 24 0j. —On boiling baphiin with a strong aque¬ 
ous solution of caustic potash without access of air, an insoluble 
residue is left which contains three substances: (1) baphinitin, 
moderately soluble in alcohol or ether; (2) baphinitone, very readily 
soluble in these liquids; (3) a small quantity of an unexamined 
substance, melting-point 164V, very sparingly soluble even in hot 
alcohol, and separating therefrom in granular crystals. Baphinitone 

587 



THE NATURAL ORGANIC COLOURING MATTERS 


is extracted from the above-mentioned residue insoluble in caustic 
potash, by treating it with cold alcohol, in which it readily dissolves 
along with a very small amount of baphinitin. The solution is 
evaporated, and the treatment with alcohol is repeated until the 
crystals thus obtained, after drying over sulphuric acid, have a melt¬ 
ing-point of about 88“. Baphinitone crystallises from alcohol in 
hemispherical masses composed of white lustrous radiating crystals 
insoluble in water (cf. Homopterocarpin). 

Tribromo-baphinitone, C 25 H 23 Br 3 O s , is obtained by mixing ethereal 
solutions of baphinitone and bromine; on evaporating off the ether 
it remains as a white substance, which may be purified by washing 
with alcohol or ether, in which it is almost insoluble. It separates 
from a hot ethereal solution in small granules, which melt with 
blackening at i8o'2°. 

Baphiin, baphinitone, and substance (3) above referred to, are' 
all coloured orange-yellow by sulphuric acid; with nitric acid an 
orange-red colour is obtained, which changes gradually to green. 

In addition to the above-mentioned substances, barwood contains, 
according to Anderson, at least three colouring matters. Ether ex¬ 
tracts from the wood two of these; one (a) which is less soluble, and 
which tenaciously adheres to the baphiin, and another (b) which is 
crystalline and is easily removed from it. When the extraction with 
ether is completed, alcohol will dissolve out a third colouring matter 
(r). All are insoluble in benzene, and give purple lakes with lead 
acetate, and putple solutions with alkalis. 

O’Neill and Perkin ( loc. cit.) worked up barwood by the same 
methods they had previously applied to sanderswood, and isolated 
a colouring matter corresponding with the santalin of this latter. 
This, which consisted of a chocolate-red powder, possessed the for¬ 
mula Cj 2 H 18 0 5 (0CHj) 2 , and, on heating, commenced to soften at 
240°, apparently decomposing, and at 270° had the appearance of 
a honeycombed carbonaceous mass. Its colour reactions are the 
same as those given by santalin, and it thus appears probable that 
the two compounds are identical. 

When the crude colouring matter of barwood, dissolved ,in 
alcohol, is poured into ether the main bulk of the santalin is precipi¬ 
tated. The ethereal liquid now contains, in addition to a colouring 
matter resembling dcoxysantalin, two crystalline substances identical 
with those previously stated by Weidel [loc. cit.) as present in sanders¬ 
wood. To isolate santal the ether solution is treated with hydro- 
bromic acid to remove colouring matter, the colourless crystalline 
residue remaining after evaporation is washed with beniene, and 
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recrystallised first from dilute and subsequently from absolute 
alcohol. 

The analytical figures given by this compound agree with those 
obtained by Weidel, but methoxy determinations show that its for¬ 
mula is to be represented as C 15 Il # 0 5 ( 0 CH 3 ), and not CjHjO* as 
proposed by this author. 

Santal, which seems to be very similar to Anderson's baphic acid, 
melts at 222—223°, is readily soluble in dilute alkali hydroxides, and 
sparingly so in absolute alcohol from which it crystallises in thin 
plates or flat needles. With alcoholic lead acetate it gives a colour¬ 
less precipitate, and with alcoholic ferric chloride a violet-black 
coloration, although this, according to Weidel, is dark red. By the 
action of hydriodic acid santal is converted into santol, probably 
Ci S H 10 On, which consists of small colourless flat needles, melting- 
..point 270—2 73 0 . Its solution in dilute alkali hydroxide, at first 
colourless, rapidly develops a reddish-violet tint, and the liquid on 
■acidification deposits yellow crystals. If the acid mixture is boiled 
these become colourless, apparently with regeneration of santol, for 
when collected and washed the product can again be made to produce 
the same changes. Santol thus appears to contain a lactone group. 
The hydrobromic acid liquid obtained during the isolation of the 
santal, was diluted with water, the precipitated colouring matter dis¬ 
solved in a little ethyl acetate, the solution being allowed to evaporate 
spontaneously. Minute crystals were slowly deposited, and these 
1 were collected and digested with absolute alcohol to remove santal. 
This compound, evidently Weidel’s substance C 14 H u O ( , and now 
termed by O'Neill and Perkin santa/one, is sparingly soluble in most 
organic solvents, and crystallises from alcohol in small red leaflets. 
It is soluble in dilute alkalis with a red colour, whereas alcoholic 
ferric chloride colours it a violet tint. As obtained by these latter 
■ authors its complete purity was doubtful, but the purest preparation 
obtained darkened about 280“ and melted at 300”. Its true formula 
is probably either C 2 jH u 0 4 (0CHj) s or C 22 H 15 O t (OCHj)j, and in 
case this is correct this compound has the composition of a leoxy- 
santalinmonomethyl ether with which its general properties are in 
h&rmony. 

• Ryan and Fitzgerald (Proc. Roy. Irish Acad., 1913, 5, 106), 
employing the following method, have isolated hompterocarpin from 
barwood. The ground material was percolated for a few days with 
warm alcohol, then with ether and finally with chloroform. The 
residue obtained by evaporating these extracts was exhausted with 
ether, the’ ethereal solution washed with dilute alkali and then 
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distilled. The product, when recrystallised from alcohol, formed 
colourless acicular crystals, melting-point 84°, and was identical with 
the baphinitone of Anderson and the homopterocarpin existing in 
sanderswood. 

A fuller account of this compound, which possesses the formula 
Ci 7 H w 0 4 , is given in the article describing the latter dyewood. It is 
very probable, again, that the baphinitin described by Anderson as 
existing in barwood is pterocarpin. 

Cauaturwood. 

This wood, the botanical origin of which appears to be unknown, 
is very similar to though somewhat darker in colour than sanders¬ 
wood. It was imported from the East Indies and is stated to have 
been chiefly employed on the Continent. According to Franchimont 
and Sicherer (loc. at.) it contains santalin but in larger amount than - ' 
sanderswood. 

Narrawood. 

Narrawood, Ptcrocarpus spp., a well-known Philippine wood, 
according to Brooks (Philippine Journal of Science, 1910, v., 448), 
contains constituents very similar to those of sanderswood. To 
isolate the red colouring matter, the wood shavings were extracted 
with alcohol, the alcoholic extract concentrated and three volumes of 
water added. The solution was boiled to remove alcohol, and the 
red amorphous mass, which had then separated, was digested with 
about five parts of chloroform. 

Thus obtained, Narrin consisted of a dark red amorphous 
powder, readily soluble in alcohol and insoluble in chloroform, which 
could not be obtained in a crystalline state. According to Brooks it 
is not identical with the santalin of sanderswood, for a preparation 
of this melted at 104°, whereas narrin does not melt but swells with 
charring about 180 0 . When fused with alkali narrin gives phloro- 
glucinol and resorcinol , and by a slow oxidation with permanganate 
is grams gave o'5 gram of a substance possessing a strong odour of 
vanillin. That it consisted of this substance was confirmed by its 
conversion into the phenylhydrazone which melted at 104°. iffy 
distillation with zinc-dust narrin yields a small amount of resorcinol 
dimethyl ether. Narrin, like santalin, gives with alcoholic potassium 
acetate a precipitate of potassium salt, and the copper salt prepared 
in this way with copper acetate had the composition (CijHjjOsJjCu. 

The dyeing properties of narrin art similar to those of santalin, 
but the shade* produced are not very fast to soap. 
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In addition to colouring matter, Brooks isolated from narrawood 
both ptero-carpin and homoptere-carpin. By a careful examination 
of these substances he concluded that the formulae previously 
assigned to them is incorrect, and should in reality be, respectively, 
CjjHijO, and C i rH 1 , 0 4 (see “Sanderswood”), 


Camwood. 


Camwood or “cambe wood,” stated to be derived from a variety 
of Baphia nitida (cf. barwood), is very similar in general properties 
to the “insoluble red ” dyewoods already described. It is, however, 
more expensive, yields deeper shades on dyeing, and its colouring 
matter is said to be more soluble than that present in the other 
woods. 

’• It has been recently examined by O’Neill and Perkin (Chem. 
Soc. Trans., 1918, 113, 126), who employed for this purpose similar 
methods to those found serviceable with sanderswood {loc. cit.). 

Iso-santa/in, the main colouring matter, forms a chocolate- 
coloured powder, which on grinding becomes redder in appearance, 
and is readily soluble in boiling methylated spirit. When heated, it 
shows no sign of melting, darkens at 280°, and is fully decomposed 
at 290—300°, being then a carbonaceous powder. It possesses the 
formula Cj 3 H !9 0 5 t 0 CHj) 2 , gives with alcoholic potassium acetate 
the salt C m H w O j2 K or Cr a H 95 0 2t K, shows evidence of the formation 
of soluble oxonium salts, and in general properties closely resembles 
its isomer santalin. The colour reactions and also the dyeing 
properties of the two compounds indicate, however, that they are 
distinct substances:— 


Alcoholic hydrobromic acid 
Dilute sodium hydroxide. 
Alcoholic ferric chloride . 


Santalin. Iso-santalin. 

Crimson. Reddish-violet. 

Dull red. Dull violet. 

Violet. Bluish-violet. 


for dyeing the colouring matter in alcoholic solution was added 
to the water in the dye-bath and the dyeings were carried out 
(a) employing wool alone, (i) employing wool alone and subsequently 
saddening with bichrome, (r) employing wool mordanted with 
bichrome and cream of tartar, and (11 ) employing wool mordanted 
with bichrome and sulphuric acid. 
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(a.) (6.) (ft) (d.) 

Santalin . Pale dull Dull reddish- Pale reddish- Pale red- 

red. brown. pink. pink. 

Iso-santalin Pale violet- Dull violet- Violet-red. Violet-red 

red. maroon. weaker than ( c ). 

Acetyl-iso-santalin, C2 1 H 18 0 8 (C 2 H J 0) 4 , consists of a deep salmon- 
coloured powder, and does not possess a definite melting-point, 
being gradually decomposed without fusion between 250—280°. 
A molecular weight determination employing naphthalene gave the 
high figure 2344, a result very similar to that given in these circum¬ 
stances by acetyl-santalin itself, and which may possibly be due to 
the production of a colloidal solution. 

Deoxy-iso-santalin, C2 4 H 1 ,0 5 (0CH3) 2 , corresponding to the de- 
oxysantalin of sanderswood, is a scarlet amorphous powder which 
has not yet been obtained in a definitely crystalline conditiorf. 
When heated, it did not show a distinct melting-point but decom¬ 
posed at 160—165° with evolution of gas. A solution of this 
substance in absolute alcohol gives no immediate precipitate with 
potassium acetate, as happens in the case of iso-santalin, and only 
when excess of the reagent is employed is a gelatinous deposit 
formed. ' 

A comparison of the colour reactions and dyeing properties of 
deoxy-iso-santalin (a) and deoxy-santalin ( 6 ) is given in the following 
table:— 


(a.) ( b. ) 

Alcoholic solution. . Orange. Orange-brown. 

Alcoholic hydrobromic acid . Bright crimson. Scarlet. 

Dilute sodium hydroxide , Crimson-scarlet. Scarlet. 

Alcoholic ferric chloride . Violet. Maroon. 


The dyeing experiments were carried out by the same methods 
as those described above. 



(a.) 

(/>.) 

('•) 

(d.) 

Deoxy-iso-santalin 

Pale red- 

Red puce. 

Dull red- 

Pale dull 


violet. 


violet. 

red-violet. 

Deoxy-santalin . 

Red. 

Dull bluish- 

Dull 

Red. 



red. 

crimson. 



Acetyl-ieoxy-iso-santalin , CmHjoOtCCjHjO)^ when heated, fused 
and decomposed at 170—175”. It consists of an almost colourless 
powder differing considerably in appearance from acetyl-iso-santalin. 
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A molecular weight determination, employing naphthalene as solvent, 
gave the figure 1324, which is approximately half that found in the 
same circumstances for acetyl-iso-santalin. 

By exhaustion with alcohol the sample of camwood employed by 
these authors gave 16 per cent, of extract. 

Camwood does not appear to contain either ptero-carpin or 
homoptero-carpin. 


Red Dura. 

The “ Red Dura ’’ or “ Durra ” of the Soudan, also known 
as “Shikytan,’’ consists of the deep reddish-brown sheaths of 
a grass, apparently the Andropogon sorghum (Brot.), var. vulgaris , 
also known as the Sorghum vu/gnrc (Pers.) or “Great millet,” the 
grain of which provides so important a foodstuff. According to 
E. P. Brown, Inspector of the Blue Nile Province, the “Shikytan " is 
used for producing a red dye, practically utilised for staining a grass 
called “ lanzura,’’ employed in the manufacture of coloured “ bursh ” 
mats, but occasionally for the leather of “ markubs ” (Sudanese shoes). 
It is specially grown for dyeing purposes. A full account of the 
5. vulgarc is given by Watt (“ Dictionary of Economic Products of 
India," 6, [iii.], 289). The grain occasionally possesses a brick-red 
colour, and that at Harihar is used for preparing a red morocco 
from goat skin. The canes of S. saccharatum also, when pressed 
and allowed to ferment, develop a red or reddish-brown colour, and 
the dye thus produced can be extracted by means of dilute alkali. 
The Indian, Persian, Abyssinian, and Egyptian forms would seem to 
be derived from the A. sorghum , var. durrha; but the fact that this 
plant is so extensively cultivated in Egypt as a loodstuff and the 
“ Shikytan ” is grown entirely for dyeing purposes, seems to indicate 
.that this latter is again a special variety. 

The colouring matter, durasantalin, to which the formula CuH ls O s 
has been provisionally assigned (Perkin, Chem. Soc. Trans., 1910, 
97, 220), consists of a bright red or scarlet powder, possessing an 
ill-defined crystalline structure. It is soluble in alkalis with a red- 
vjolet colour, passing rapidly to brown on air oxidation, gives with 
alcoholic ferric chloride a brown liquid, and when fused with alkali, 
p-hydroxybtnzoic acid and fhloroglucinol, together with a trace of a 
third substance, probably p-hydroxyacctophcnonc , are produced. Dura- 
santalin does not dye mordanted calico, but behaves as a substan¬ 
tive dyestuff towards wool upon which it produces a dull-red shade. 
A very permanent and slightly fuller colour can be produced by 
previously mordanting the wool with chromium. In some respects 
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this dye resembles the santalin of sanderswood, but there can be no 
doubt that these substances are chemically distinct. 

Safflower (Bastard Saffron). 

/This dyestuff consists of the dried florets of Car/hamus linctorius 
(Linn.), an annual thistle-like plant belonging to the Cynnrocephala. 
A native of Southern Asia, it has been cultivated in China, India, 
Persia, Egypt, also in central and southern Europe. When in full 
bloom the yellow florets are plucked, and either at once dried, so as 
to form an orange-coloured fibrous mass somewhat resembling 
saffron, or they are first kneaded with water, in order to remove a 
useless yellow colouring matter, and then pressed into the form of 
lens-shaped cakes and dried. 

Safflower owes its value to an insoluble red colouring matter 
which occurs only in very small amount, about 0-5 per cent., 
whereas the soluble yellow colouring matter is said to be present to 
the extent of about 30 per cent. 

The yellow colouring matter may be obtained by first precipitating 
a cold aqueous Extract of safflower with lead acetate and acetic acid 
and then adding ammonia to the filtrate, i.e. precipitating with basic- 
lead acetate. The second precipitate thus obtained is carefully de¬ 
composed with dilute sulphuric acid, and after removing the lead 
sulphate the filtrate is evaporated to dryness with exclusion of air. 
It is thus obtained as an amorphous substance, having acid pro¬ 
perties, a bitter taste, and a peculiar odour. It is of a very unstable 
character, and on exposure to air seems to oxidise, becoming brown 
and partially insoluble in water. According to Schlieper, its com¬ 
position is represented by the formula C ls H J0 Oi 0 ; ‘according to 
Matin, it is Cg«H M O u . This product is apparently a glucoside or 
contains a substance of this character, for after digestion with boiling 
dilute sulphuric acid, the solution yields to ether a small quantity of 
a crystalline yellow colouring matter (Perkin, private communication). 

Carthamin or carthamic acid is the name given to the useful red 
colouring matter, which, although insoluble in water, is readily soluble 
in alkaline solutions. To obtain it, safflower is well washed with 
slightly acidified water to remove the yellow colouring matter, then 
it is steeped for some time in a cold dilute solution of sodium car¬ 
bonate. If the alkaline solution be now acidified with acetic or 
tartaric acids the carthamin is precipitated in so finely divided a 
condition that it cannot be successfully collected. This difficulty is, 
however, obviated by making use of the fact that carthamin is readily 
attracted and removed from its acidified solution by cellulose, 
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Hence bleached cotton is immersed and moved about in the alkaline 
solution, which is at the same time gradually acidified with tartaric 
or citric acid. 

In this manner the carthamin is slowly precipitated and is at 
once attracted by the cotton, which thus becomes dyed red. After 
washing the dyed cotton with slightly acidified water, the colouring 
matter is dissolved off by means of a dilute solution of sodium car¬ 
bonate, from which the carthamin is thrown down, on the addition 
of tartaric acid, as a bright-red precipitate, which is now in a purer 
and more granular form. Further purification is effected by dissolv¬ 
ing the dried precipitate in alcohol and reprecipitating with water, f 

Preisser, the first to investigate carthamin (J. pr. Chem., 1844, 
[i.], 32, 142), described this substance as colourless needles, which, 
by air-oxidation in the presence of alkali, were converted into 
carthamein, the true colouring matter. Schlieper (Annalen, 1846, 58, 
357), however, proved that Preisser’s statements were incorrect, and 
he isolated carthamin in the form of green iridescent red crusts, or 
as a granular greenish-red powder, to which he assigned the formula 
When digested with boiling alcohol, it was converted into 
a yellow compound having the composition C u H h O„.' According 
to Malin (Annalen, 1840, 36, 117), carthamin gives /-hydroxyben- 
zoic acid when digested with boiling potassium hydroxide solution. 

Radcliffe (J. Soc. Dyers, 1897, 13, 158), by extracting an air- 
dried commercial paste extract of safflower with methyl alcohol, 
subsequently evaporating the solution, and adding hot water, obtained 
aproduct crystallising in red, iridescent needles, melting at 168—169° 
(provisional), which, when exposed to sunlight, changed to a red 
powder. A study of the absorption spectra of solutions of the 
carthamin,* and an account of its general properties, are described 
in his paper, but the author reserved analytical details for a later 
communication. 

Kametaka and Perkin (Chem. Soc. Trans., 1910, 97, 1415) 
prepared carthamin in a crystalline condition. The dried and finely 
ground commercial extract of safflower is extiacted on the water- 
b®th with successive quantities of pyridine, and the combined 
extracts are evaporated to a small bulk under reduced pressure. 
Warm water is then added until a faint turbidity occurs, and on stand¬ 
ing a semi-solid crystalline mass is obtained, which is collected and 
washed with water. To remove a wax the crystals are digested first 
with Chloroform and then with ether, and the product is purified by 

* According to Kametaka and Perkin this compound is a salt of carthamin . 
rather than the colouring matter itself. 
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repeated crystallisation from pyridine and water. When crystallised 
in this manner carthamin contains pyridine of crystallisation, which 
is best removed by drying the substance at 125° to 160°. 

(.Carthamin consists of bright scarlet-coloured prismatic needles 
which melt and decompose at about 228—230°, is very sparingly 
soluble in methyl and ethyl alcohols, and insoluble in ether. It 
dissolves in cold dilute alkali hydroxides, sodium carbonate, and 
ammonia with an orange colour, and is reprecipitated by acids 
unchanged. With sulphuric acid carthamin forms a dull red coloured 
solution, which after heating to too 0 , gives with water a violet pre¬ 
cipitate, possessing feeble mordant dyeing properties, and is soluble 
in alkalis with a green coloration. Carthamin is decomposed by 
heating with dilute mineral adds with formation of a dull brown 
precipitate. The formula of carthamin is, or closely approximates to, 
CjjH 24 0 12 , and the anhydrous substance is extremely hygroscopic 
and takes up two molecules of water of crystallisation. ) 

Monopotassium carthamin , C 25 H 23 0 12 K, is formed when the finely 
powdered colouring matter suspended in boiling alcohol is treated 
with strong aqueous potassium acetate solution. It consists of green 
iridescent needles, and is decomposed by hot water with liberation 
of the free colouring matter. 

Eenzoyl-carthamin, C 25 H 17 0 12 (C 7 H s 0 ) 7 , consists of a pale red 
amorphous powder which melts and decomposes at about 230—235°, 
and an acetyl derivative has been prepared, the analysis of which 
agrees fairly well with the formula C 2s H 17 0 12 (C 2 H 3 0 ) 7 . 

On account of the extreme sensitiveness of carthamin to alkali 
(see later), it does not appear to be possible to obtain a pure methyla- 
tion product of this colouring matter by the ordinary methods, and the 
employment also of diazomethane has not given a successful result^ 
With nitric acid carthamin yields picric acid, and when fused with 
alkali p-hydroxyknzoic and acetic acids are formed. By the action of 
boiling potassium hydroxide solutions varying in strength from 50 
—1 per cent, a brownish-yellow coloured liquid was quickly produced, 
which on neutralisation gave a brown precipitate, not susceptible to 
crystallisation. The filtrate from this was found to contain p-coumaric 
acid and p-hydroxyknzaldehyde. No third product soluble in ether 
could be obtained by this reaction. 

When carthamin in 1 per cent, sodium carbonate solution is 
treated with hydrogen peroxide p-coumaric acid is produced, and the 
crude methylation product of the colouring matter similarly treated 
gives p-mcthoxycinnamic acid. By oxidation with chromic acid anisic 
acid and anisic aldehyde are obtained. 
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Kametaka and Perkin were unable to prepare the yellow com¬ 
pound which, according to Schlieper ( lot. cit.) and Radcliffe {lot. til.), 
is produced by boiling carthamin with alcohol, and consider that 
the pure substance does not give this reaction. By boiling the 
colouring matter with alcoholic aniline, however, a yellow crystalline 
substance t aniline xanthocarthaminatc , CuHajOja. C„H-N, is readily 
formed. It consists of needles decomposing at 276—278°, sparingly 
soluble in alcohol. In a similar manner fS-naJ>hlliylamint xantho- 
carlhamimite , Cj 5 H 24 0 12 . C w H a N, orange-coloured leaflets, decom¬ 
posing at about 266—268°, can be prepared, and the corresponding 
i^-cumidine derivative, orange-coloured leaflets, decomposes at about 
290°. 

These compounds are probably the salts of an acid which is 
termed xanthoearthaminic acid; it appears to be isomeric with 
carthamin, and is probably closely related to it. It was observed 
that when the / 3 -naphthylamine compound is dissolved in potassium 
hydroxide solution, the clear yellow liquid becomes cloudy with 
separation of /i-naphthylamine. When this latter is removed, and 
the alkaline liquid is neutralised with hydrochloric acid, a curdy 
yellow precipitate slowly separates, and this on standing gradually 
becomes red coloured, a change which is probably due to the repro¬ 
duction of carthamin. On account of the large amount of oxygen 
which carthamin contains it is considered possible that an aliphatic 
nucleus may be present in this colouring matter. 

^Previous to the discovery 01 salranine and of the eosins, safflower 
was frequently used for the production of brilliant pinks or reds, 
chiefly on cotton or silk. The mode of dyeing is practically the 
same as that already given in describing the process of obtaining 
carthamin. The safflower in bags is well washed with cold water, in 
order to remove the yellow colouring matter, and the red colouring 
matter is then extracted by a treatment with a cold dilute solution of 
sodium carbonate. In this solution the material to be dyed is worked 
about, at the same time adding “ lime juice" (citric acid) gradually 
until in slight excess. Safflower extract is applied in a similar 
manner. - ! 

Dyers usually gave the washed safflower several successive treat¬ 
ments with alkali, employing at first weak and afterwards strong 
alkaline solutions. The weak solutions give the brightest and purest 
tints; hence very delicate colours were dyed with these alone, whilst 
full colours were first dyed with the inferior extracts, and then 
“ topped ” or “ bloomed ” by a dyeing in the purer solutions. The 
shades obtained from safflower were at one time considered to be 

S97 



THE NATURAL ORGANIC COLOURING MATTERS 


the finest and most delicate a dyer could produce. On the other 
hand, they were not only expensive but had the disadvantage of 
being extremely unstable. 

Safflower is a very weak dyestuff, for 4 oz. are necessary to dye 
1 lb. of cotton light pink, 8 oz. for a rose-pink, and about 1 lb. to 
produce a full crimson. 

It is now rarely, if ever, employed in Europe as a dyestuff, but 
large quantities are still cultivated, more especially in India, and 
used for dyeing and pigment manufacture in the East. 

Carthamin was sold in a more or less pure condition as a thin 
aqueous paste, under the name of safflower extract or safflower 
carmine, but this product is now difficult to obtain in Europe. On 
the other hand, considerable quantities are still manufactured in 
Japan, where it is very largely employed as a cosmetic. Carthamin 
ground up with starch, talc, etc., is used as rouge.X 

For other references, v. Dumas, Annalen, 27, 147; Liebermann, 
Ber., 7, 247; 8, 1649; IJobereiner, J. Phys. Chem., 26, 266; Sal- 
vetat, Ann. Chim. Phys., (3), 25, 337; J. pr. Chem., 44, 475; 
Dufour, Ann. Chim. Phys., 48, 283. 

Sphciks of Coprosma. 

The bark, and more especially the roots, of the C. grandifiora , 
C. /inariifo/ia, and C, areolata, which belong to the natural family of 
the Rul’hicte , and are widely distributed in New Zealand, possess 
tinctorial property (Aston, New Zealand, J. Sci. Tech., 1918, 1, 3), 
and being related to madder probably contain either alizarine itself 
or an allied colouring matter. Thus an alcoholic extract of the 
C. grandifiora is coloured purple by alkali, and becomes yellow on 
addition of acid. From the acid solution, by means of ether, an 
orange-yellow crystalline substance can be isolated in small amount. 

Kamala. 

( Kamala or Kamela is the orange-red powder which exists as a 
glandular pubescence on the exterior of the fruits of the Mallotus 
philtipinensis , Muell. ( Ro/t/era tinctoria , Roxb.), a small evergreen 
tree, met with throughout tropical India, Burma, and Ceylon, also 
in Java, China, the Malay Islands, and Australia. The ripe capsules 
are gathered in February or March, and shaken in bags until the 
powder separates. 

Kamala is employed by the Hindoos as an antithelmic drug 
and for dyeing silk and wool a bright orange colour. The fabric 
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is dyed in a boiling bath containing 4 parts kamala, 1 part alum 
and 2 parts sodium carbonate (native barilla), previously well- 
rubbed together in the powdered state with a small quantity of oil 
of sesamum. The alum is sometimes omitted, but the addition of 
alkali is absolutely necessary in order to dissolve the colouring 
matter, which is of a resinous character and quite insoluble in water. 
Kamala is also apparently used for the adulteration of annatto, for 
according to Perkin (private communication), samples of calico ob¬ 
tained from India and presumably dyed with kamala have proved 
on examination to owe their colour partially if not entirely to annatto. 
Kamala was formerly employed in this country as a remedy for 
taenia, but appears now to be very little used for this purpose. 1 

1 Anderson was the first chemist to investigate kamala (Edin. 
New Phil. J., 1, 300), and he isolated from it by means of ether a 
crystalline compound rottlerin, C,,H,o 0 3 , a wax, C, f ,H sl 0 4 , and a 
resin melting below too 3 , to which ho gave the formula C !i0 H 3 i ) Or.'\ 
Leube (Jahres., i860, 562) was unable to obtain any crystalline pro¬ 
duct from this drug, but he describes two resins, C, ;i H lg 0 4 , melting- 
. point 80°, and C 8 H 12 0 4 , melting-point 191'’. Oettingen (Dissert. St. 
Petersburg, 1862) also could not obtain any crystalline substance 
from kamala. A. and W. Perkin (Ber., 1886, 19,3109), however, 
isolated the crystalline rottlerin (“ maliotoxin ”) of Anderson, and its 
existence was subsequently confirmed by Jawein (Ber., 20, 182). 

As the result of a more extended examination of kamala and 
employing carbon disulphide for the extraction, A. G. Perkin (Chem. 
Soc. Trans., 1893, 63, 975) isolated not only Anderson’s compounds, 
but small quantities of two crystalline substances, homorottlerin, 
which is yellow, and Aorottlerin, a salmon-coloured powder, together 
with a high melting resin. 

Rottlerin, C M H 30 O 9 (Perkin, ibid., 1895, 67, 230), salmon-coloured 
plates, melts at 191—191 s° (Perkin), 200° (Jawein), 202—204° 
(Telle, Arch. Pharm., 1906, 244, 441), readily soluble in ether. Solu¬ 
tions of the alkali carbonates and hydroxides dissolve rottlerin, the 
former only on gently warming. On boiling these orange-coloured 
liquids, decomposition gradually takes place, an odour of benzaldehyde 
* is evolved and a resinous product separates. An alcoholic solution of 
. rottlerin is coloured brown on the addition of ferric chloride. 

Acetylrottlcrin (CnH B 0 ,(C a H| 0 )j)j, yellow crystalline powder, 
melting-point 130—135° (Perkin), and bcntoylrottlerin, 

C»H m O # (C 7 H s O) w 

yellow powder (Bartolotti, Gazzetta, 24, [ii.J, 480), have been prepared. 

599 



THE NATURAL ORGANIC COLOURING MATTERS 

Rottlerin forms the following salts: CjjHjjOjNa, H s O, orange- 
brown glistening leaflets; C,jH m 0 9 K, H s O, leaflets; (CaHjjOjJjBa, 
minute reddish-brown prisms; (CjjH^O^Sr, (Cs3H, 9 0 9 ) s Ca, and 
CuH 29 0 9 Ag, fine yellow needles. 

Fused with alkali, rottlerin gives benzoic acid, acetic acid, and 
phloroglucinol (Perkin), and when oxidised with hydrogen peroxide in 
alkaline solution, benzaldehydc and benzoic acid are produced. With 
potassium permanganate (Bartolott!) benzoic acid is also formed. 
Nitric acid (specific gravity i - 5) gives p-nitrocinnamic acid, o-nitro- 
cinnamic acid, p-nitrobenzaldehyde , and p-nitrobenzoic acid (Perkin). 
When heated with 2 per cent, sodium carbonate solution, a compound 
termed rottlerone separates (Perkin), which crystallises in garnet-red 
prisms, and to which the formula C M H 2e O a has been provisionally 
assigned. 

According to Telle, if rottlerin is heated for ten minutes with 
barium hydroxide solution, phloroglucinolmethylether, a resinous sub¬ 
stance and ifr-rott/erin, melting-point 235°, are produced. When 
heated for ten minutes with zinc powder and sodium hydroxide, rottle¬ 
rin gives 60 per cent, of resin and about 30 per cent, of phenols, 
also fi-phenylpropionic acid, acetic acid, and a small quantity of a 
crystalline acid, melting-point 185 —i 85-5°. From the mixture of 
| phenols,ph/orog/ucino/monomethylether uni phloroglucino/dimethylether 
were isolated. Phloroglucinoltrimethylether and a camphor-like sub¬ 
stance, melting-point 170—172 0 , were produced, when, with the zinc 
powder, only 2 per cent, sodium hydroxide solution was employed. 
The molecular weight of rottlerin, determined cryoscopically in 
naphthalene, was 486, and agrees with that assigned to this substance 
by Perkin (loc. cit.). 

Homorottlerin, QjHjjOj (?), pale yellow needles, melting-point 
192—193°, is present in exceedingly small amount in kamala. It 
differs from rottlerin in being much less soluble in toluene, chloro¬ 
form, or acetic acid, but otherwise the properties of these two com¬ 
pounds are similar (Perkin). 

iso-Rottlerin, Ci 2 H ls 0 6 (?), has been obtained in the form of plates, 
melting-point 198—199", insoluble in hot benzene, carbon disulphide, 
or chloroform. Cold solutions of the alkali catbonates dissolve it' 
readily, and these solutions when boiled do not deposit resinous 
matter or emit an odour of benzaldehyde, as is the case with the 
alkali salts of rotderin itself. It is probable that this compound, 
very little of which has been yet obtained, may prove to consist of 
hydroxyrottlerin (Perkin). 

The low-melting resin of Anderson, Cj 0 Hk,O 7 (?), Ci,H,jO, (?), 
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(Perkin), consists of a brittle transparent dark red mass, melting 
below 100°, and is readily soluble in carbon disulphide, ether, or 
chloroform. With hot alkaline solutions, it behaves similarly to 
. rottlerin and evolves an odour of benzaldehyde, and with nitric acid 
(specific gravity 1-5) gives /-nitrobenzoic acid. Perkin’s high melt¬ 
ing resin is a pale straw-coloured mass, melting-point about 150°, and 
in general properties resembles the low-melting variety. 

(According to Hummel and Perkin (J. Soc. Chem. Ind., 1895, 
14), for silk dyeing it is best to add > part of kamala and 0 5—1 
part sodium carbonate to boiling water, then to enter the silk and to 
dye at the boiling temperature for two to five minutes only. Other 
experiments indicated that the amount of sodium carbonate to em¬ 
ploy should be regulated by the quantity of water used rather than 
1 by that of the kamala, namely, at the rate of 13—14 grams 
(Ua a C 0 3 , 10 aq) per litre. After dyeing for a short time with the 
addition of alkali only, to the extent of one-fifth of the weight of 
• the kamala used, the addition of alum or stannous chloride to the 
dye-bath makes the colour fuller and more orange. A similar but by 
no means identical effect is obtained by making a slight addition of 
sulphuric acid. 

> As pointed out by Perkin (loc. cit.) } rottlerin is decomposed by 
boiling sodium carbonate solution, and the colour ultimately fixed 
on the fibre most probably consists of rottlerone. Although rottle¬ 
rin itself does not dye mordanted fabrics, the potassium and sodium 
salts of this colouring matter give on calico mordanted with alumin¬ 
ium and iron pale orange-red and brownish-black shades. 

Pure Java kamala contains, according to Fluckiger (Arch. Pharm., 
1892), 1 "363 to 1'488 per cent, of ash, whereas in the kamala exam¬ 
ined by Anderson {loc. tit.), 3'49 per cent, was present. The best 
commercial varieties usually contain about 5 per cent, of mineral 
matter (Seidler and Waage, Ber. Deut. pharm. Ges., 1891, 80); but 
the inferior qualities are highly adulterated (50—87 per cent.) with 
sand, earthy impurities, red brick-dust, etc. (Perkin, loc. tit., and J. 
Soc. Chem. Ind., 1900).: 

• Waras. 

• Warns, also called “ wars " and “ wurrus,” consists of a purplish 
resinous powder which covers the seed pods of Flemingia congesta 
(Roxb.), an erect woody shrub growing in the thickets and forests 
of the warmer part of India. According to Watt (“ Dictionary of 
•Economic Products of India,” iii., 482), it is collected also in Africa 
in the neighbourhood of Harrar, and is sent to Arabia, chiefly to 
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Yemen and Haddramant, where it is used as a dye, as a cosmetic, 
and as a specific against colds. According to Wardle, waras is dis¬ 
tinctly inferior as a dye to kamala, which it closely resembles, and 
contains only a small amount of colouring matter compared with the 
yellow vegetable dyes of commerce. It is suitable as a dye for silk 
rather than for wool, but is quite useless with cotton. It has been 
introduced into England from Aden as an adulterant or substitute 
for kamala (Fliickiger and Hanbury’s Pharmacographica, 1879, 576). 
Under the microscope waras appears as orange-brown lumps, 
frequently circular and closely resembling kamala. 

Flemingin, CijH, 2 0 3 (provisional), is a dull orange-red crystalline 
powder consisting of star-shaped groups of minute prismatic needles, 
which melt at 171—172°, and closely resembles the rottlerin of 
kamala. Solutions of the alkali hydroxides dissolve it with an orange- 
brown tint, but these solutions when boiled do not deposit resino.us 
matter, as is the case with rottlerin. On fusion with alkali salicylic 
acid and acetic acid are produced. 

Silk suspended in a solution of flemingin in dilute sodium 
carbonate, and the whole gradually raised to the boiling temperature, 
is dyed golden yellow, slightly duller than the shade given by rottlerin ; 
but, on the other hand, flemingin possesses much the stronger dyeing 
power of the two. 

In addition to flemingin waras contains a trace of a yellow 
crystalline colouring matter, homoflemingin , melting-point 165— 
166° (C ~ 69-97; II = 5-75), together with some quantity of two 
resinous substances: (a) C 12 H 12 Oj (?), melting-point 162—167°, and 
(b) C 1s H u 0 3 (?), melting below ioo°. Fused with alkali these latter 
gave salicylic and acetic acids, and appear to be allied to flemingin. 

Added to a boiling solution of its own weight of sodium carbon¬ 
ate, waras dyes silk golden yellow shades, which are brightened by 
rinsing in very dilute acetic acid. Contrary to the statement of 
Wardle, it is to be regarded as a decidedly superior dyestuff to kamala 
(Perkin, Chem. Soc. Trans., 1898, 73, 659). 

Saffron. 

Saffron consists of the dried petals of the Croats salivas (Linn.), 
a plant which flowers in September and October, and is distinct from 
the ordinary spring crocus (Crocus vcrnus, All.). It is a native of 
the East, but is cultivated in Spain, the South of France, and Austria, 
and is employed for flavouring purposes, for the staining of articles of 
diet, and to a very limited extent as a dyestuff. Saffron contains the 
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aromatic oil known as saffron oil , picrocrocin, a bitter compound, and 
crocin, or povlchroit , the glucoside of the colouring matter. Pfyl 
and Scheitz (Zeit. Nahr. Genussm., 1908, 16, 337) failed, however, 
to obtain Kayser’s '‘picrocrocin’’ (Ber., 17, 2228) though using the 
methods employed by him. These authors state that by extraction 
of saffron with chloroform they isolated three products: (i) a colour¬ 
less crystalline substance, melting-point 280° C,, which does not 
reduce Fehling’s solution; (ii) a yellow crystalline substance, melting- 
point 164° C., readily soluble in water or alcohol, which when boiled 
with acid developed the odotar of saffron oil, and gave a sugar, 
probably Isevulose; and (iii) a crystalline hydrocarbon, melting-point 
n8°C. (cf. Schuler, Diss. Munich, 1899, and Hilger), apparently 
similar to the hydrocarbon found in marigold petals, arnica flowers, 
etc. According to these authors, the second substance referred to 
4bove somewhat resembles the “picrocrocin” described by Kayser. 
From alcoholic extraction of saffron the same authors obtained (i) 
♦he colouring matter; (ii) a sugar (possibly lmvulose); and (iii) a 
glucoside, which on hydrolysis yields saffron oil and a sugar (possibly 
laevulose). 

Crocin, C. 14 H ;(J 0 2 8 (?), forms a yellow-brown amorphous powder, 
readily soluble in water and dilute alcohol, and dissolves in sulphuric 
acid with a deep blue coloration which, on standing, becomes violet, 
then red, and finally brown. (Cf. Bixin, Nycanthin, and Carotene.) 

When digested with hot dilute hydrochloric or sulphuric acids, 
•crocin is hydrolysed into crocetin and glucose, a reaction which, ac¬ 
cording to Kayser [foe. cit.), proceeds as follows:— 

2C 4 ,H ril O i8 + 7 H 2 0 = C 34 H 48 0 „ + pUH.A 

Crocetin consists of a red amorphous powder, readily soluble in 
alcohol and soluble in alkaline solutions with an orange-red colour. 
Kayser assigned the formula Cj 4 H t |j 0 8 to crocetin, but according to 
Wiess (J, pr. Chem., 101, 65) this is more probably C 1# H 1# 0 », whilst 
Schunck and Marchlewski (Annalen, 278, 357) find that Kayser’s 
analytical figures are in agreement with the simpler formula Ci 4 H 2 o0 4 . 
Dicker (Arch. Pharm., 1914, 252, 139) has shown that although 
crocetin is amorphous it yields crystalline salts with alkalis, and by 
analysis of these and molecular weight determinations of the acetyl 
derivative, he concludes that crocetin has the composition C w H 14 0 |. 

The sodium or potassium salts are obtained by adding alcoholic 
sodium, or potassium, hydroxide to a solution of crocetin in dilute 
aqueous caustic soda, or potash, till no further precipitate is formed, 
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warming, when the respective precipitates redissolve, and then allow¬ 
ing the solution to cool when the salts separate in a crystalline con¬ 
dition. Croce/in sodium salt crystallises in needles; the potassium 
salt in nodular aggregates; the ammonium salt, from dilute alcohol, 
in lustrous red needles. Other salts—aniline, pyridine and quinoline 
—have also been prepared by Decker. 

Ace/ylcrocetin, C I0 Hj a O 2 (CH 8 CO), crystallises in red needles, 
melting-point 174 0 C. It is prepared by heating the potassium salt 
with acetyl chloride. With lead acetate crocetin gives a deep 
brown precipitate, and with sulphuric acid a deep blue solution. 

When crocetin is brominated in chloroform solution, a dibromide 
is produced which crystallises in yellow octahedra, melting-point 
103—104° C., and the production of this is considered by Decker 
as evidence of the presence of a double bond in the crocetin 
molecule. 

When oxidised with bromine in alkaline solution, crocetin yields 
a product C 7 H 19 0 2 Br 2 , which forms colourless felted needles. 

Dyeing Properties .—Crocetin dyes aluminium and tin mordanted 
fabrics dull orange and yellow shades respectively. 

According to Rochleder, the Chinese dyestuff “ Wongsky” (q.v.), 
which consists of the fruit of the Gardenia grandiflora (Lour.), also 
contains crocin (Jour. Chem. Soc., 1858, 475). 

Green Ehonv. 

Green ebony is a yellow dyewood formerly employed to 
some extent in this country, but is now almost entirely replaced 
by other colouring matters. It is a native of Jamaica or West 
India, and is obtained from the Excacaria glandulosa (Siv.) or 
Jacaranda ovalifolia (R. Br.). The trunk of the tree is about 6 
inches in diameter; the wood is very hard, and of an orange-brown 
colour when freshly cut, and stains the hands yellow. References to 
this dyestuff are meagre, and it does not appear to have been ever 
largely employed. Bancroft (“Philosophy of Permanent Colours," 
1813, ii., 106) states that green ebony contains a species of colouring 
matter very similar to that of the Chtorophora tinctoria (Gaudich) (< 3 ld 
fustic), and is sometimes employed in its stead; and 0 . Neill 
(“ Dictionary of Calico Printing and Dyeing,” 186s) mentions that it 
is used in dyeing greens and other compound shades. Until recently 
it had a limited sale in Yorkshire as a dye for leather, but appears to 
have entirely passed out of use as a woollen dyestuff. It is now little 
used in silk dyeing, but was formerly employed for greening blacks, 
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Green ebony contains two crystalline colouring matters, which 
are distinguished by the fact that whereas one, exccecarin, is not pre¬ 
cipitated by lead acetate solution, the second, jacarandin, is com¬ 
pletely deposited by this reagent (Perkin and Briggs, Chem. Soc. 
Trans., 1902, 81, 210). 

Exccecarin, C 18 H 12 0 s, crystallises in lemon - yellow needles, 
sparingly soluble in cold alcohol, and melting with effervescence at 
219—221 0 . It is soluble in aqueous and alcoholic alkaline solutions 
with a violet-red coloration, and these liquids, on exposure to air, 
are rapidly oxidised, and assume a brown tint. 

Exccecarin does not dye mordanted fabrics, but is a substantive 
dyestuff in that it has a weak but decided affinity for the animal 
fibres with which it gives, preferably in the presence of tartaric or 
oxalic acid, yellow shades. BcnzoyUxctxcarin, C 13 H e 0 5 (C 7 H50)s, 
consists of colourless needles, melting-point 168—171°, and excce- 
carindimethyl ether, CijHi 0 O 5 (CHj) 2 , of yellow needles, melting-point 
irj —119°, On fusion with alkali excoecarin gives hydroquinonecar- 
boxylic acid (COJI: OH : OH =■ 1 : 2 : 5), and a substance melting at 
124°, which is probably hydrotoluquinonc (CH a : OH : OH = 1:2:5). 

By the action of bromine upon a solution of excoecarin in alco¬ 
holic potassium acetate excacarone, C 13 H I() 0 5 , flat copper-coloured 
needles or leaflets, melting at about 250°, is produced, and this 
by the action of sulphurous acid is reconverted into excoecarin. 
With alcoholic quinone solution excoecarin gives the compound 
•C # H 4 Oj . C 13 H, 2 0 Si minute green-coloured leaflets, melting with 
decomposition at 190°, and from this sulphurous acid also regener¬ 
ates excoecarin. From these results it appears evident that excoecarin 
contains free hydroquinone hydroxyls. 

Jacarandin, C l4 Hi 2 0 5 , yellow plates or leaflets, melting-point 
343—245°, dissolves sparingly in alcohol and the usual solvents to 
form pale yellow liquids having a green fluorescence. With caustic 
alkali solutions it gives orange-red liquids; with alcoholic lead 
acetate a bright orange coloured precipitate ; and with alcoholic 
ferric chloride a dark greenish-black solution. It dyes mordanted 
woollen fabrics the following shades:— 

Chromium. Aluminium. Tin. Iron. 

Dull yellow- Orange-brown. Bright golden Deep olive. 

brown. yellow. 

Autyljacarandin, C u Hi 0 O s (C s H,O) 2 , pale-yellow needles, melt* 
at 192—194°, and when digested with boiling alcoholic potas¬ 
sium acetate gives the salt (C m H 1s 0 6 . Ci 4 H a 0 6 )K, yellow needles. 
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Bcnsoyljacarandin, ChHujO^CjHsO).,, forms yellowprismatic needles, 
melting-point 167--169°. 

As indicated by Bancroft (loc. cit.) the colours given by green 
ebony are similar in character to those yielded by old fustic. Em¬ 
ploying mordanted woollen cloth the following shades are produced:— 


Chromium. 

Aluminium. 

Tin. 

Copper. 

Iron. 

Dull yellow- 

Dull brown- 

Golden 

Pale brown. 

Olive- 

brown. 

yellow. 

yellow. 


green. 


With 40 per cent, of the dyewood the iron mordant gives greener 
and brighter shades than with larger amounts, in which case a 
browner colour is produced. Possibly from this green shade, and 
the extremely hard and compact nature of the wood, the name 
“ green ebony ” has originated. 

The Colouring Matter of Cotton Seed. 

Cotton seeds contain, in addition to cotton-seed oil, a phenolic 
substance gossypol, which remains dissolved in the oil when this is 
expressed. 

By extracting the oil with caustic soda and neutralising the 
solution thus obtained a voluminous precipitate separates which 
consists of the colouring matter admixed with fatty acids, and the 
products of its own oxidation. For the isolation .of gossypol March- 
lewski (J. pr. Chem., 1899, 60, 84) employed a partially purified 
preparation of this character from which the main bulk of the" 
fatty acids had been eliminated. By extraction with ether, repeated 
crystallisation from glacial acetic acid, and from a mixture of alcohol 
and 50 per cent, acetic acid, it was isolated in the form of small 
yellow prisms. 

As the result of analyses of this substance dried in vacuo over 
sulphuric acid, Marchlewski suggested two formula;, C l8 H u O, and 
C 92 H 3 ,Oiii, and of these the first is considered preferable. Prepara¬ 
tions dried at higher temperatures appeared to suffer alteration as 
they thus became darker, and had then a lower melting-point. 

Thus the gossypol when quickly heated melted at 188°, but when 
previously dried at 125—130°, at 179—180 0 . It is easily soluble in 
the usual organic solvents, and dissolves in sulphuric acid with" a 
cherry-red coloration, a reaction by which its presence in cotton-seed 
oil can be detected. In alkalis, gossypol dissolves with a yellow 
coloration which rapidly changes to violet, and then slowly fades. 
The ready susceptibility of alkaline gossypol solutions to air oxida> 
tion accounts largely for the impure nature of the crude colouring 
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matter isolated by such reagents from the oil, and it .appears that if 
care is taken in the process, it is possible to obtain a much cleaner 
material in the first instance. An alcoholic solution of gossypol 
gives with ferric chloride a dark green coloration and with the 
"heutral and basic acetates of lead a deep yellow precipitate. The 
analysis of the lead salt corresponded to C^HjjC^Pb. According 
to Marchlewski, gossypol yields amorphous acetyl and benzoyl deri¬ 
vatives and appears to possess two hydroxyl groups. It contains 
no methoxy groups, and is not a glucoside. It dyes iron mordanted 
material a grey shade, but the product obtained by a careful oxida¬ 
tion of its alkaline solution possesses, it is stated, tinctorial proper¬ 
ties of greater importance. Gossypol can be employed on cotton 
fabrics as a mordant for the basic colouring matters. 

F. E. Carruth (Amer. Chem. J., 1918, xi., 4, 647) isolates 
gossypol from the decorticated cotton-seed kernels which have been 
crushed by rollers before they are “ cooked ” in the oil mill. From 
these a considerable amount of oil is removed by percolation with 
ligroin, and the residue is then extracted with ether and the extract 
evaporated. The product is now treated with one-half to one-third 
its volume of glacial acetic acid, and on keeping for some days, or 
more quickly by gentle warming, crystals of gossypol acetate separate. 
For purification it is dissolved in ether, glacial acetic acid is added, 
and the solution evaporated until crystallisation commences. 

To obtain gossypol itself an ethereal solution of the acetate is 
■ treated with water, and the ether distilled off. The gossypol thus 
remains suspended in the water as crystalline crusts, and may be re¬ 
crystallised from alcohol. 

A second interesting method consists in adding aniline to an 
ethereal extract of cotton seed. The solution after warming on the 
water-bath gradually deposits on standing an orange-yellow micro¬ 
crystalline precipitate, which apparently consists of an aniline salt of 
gossypol, CjoHjgO^, 2C,H,NH. or 2C 3(t H 2ft Oy, 5GgH fi NH 2 . 1 he 
yield is practically quantitative, and the process may be used to 
estimate gossypol in extracts of cotton-seed products. 

To regenerate gossypol from the aniline compound, it is dissolved 
in hot alcoholic potassium hydroxide, and the aniline removed by 
stehm distillation. From the alkaline liquid the gossypol is precipi¬ 
tated on acidification, and may be purified by conversion into the 
acetate according to the method given above. 

Gossypol acetate, a molecular compound of gossypol and acetic 
acid, is evidently the substance described by Marchlewski as the free 
colouring matter. It is a comparatively stable substance, and when 
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heated does not evolve acetic acid readily below i8o°. Its formula 
determined by alkali titration is CjgHjjOj, C 2 H 4 0 2 or C^H^O,, 
C 2 H 4 0 j. Hence gossypol itself is C M H 28 O e or C M H 80 O(„ and this 
result is in harmony with other analytical figures given in Farrant’s 
paper. 

Gossypol acetonate , C 2 oH 28 0 9 . CH 3 . CO. CH 3 , is obtained as glisten¬ 
ing crystals when gossypol is dissolved in acetone, and the solution 
concentrated. Like the acetate it is a stable compound, and when 
heated at 140—150° it alters but little in weight. 

Acetyl and benzoyl derivatives of gossypol could not be obtained 
in a crystalline condition, but as a result of their examination the 
evidence was sufficient to indicate that four or five hydroxyl groups 
are present in gossypol. When gossypol is heated to 186—190° it 
fuses with the evolution of vapour, and then solidifies to a black 
mass. On treating the residue with ether a sparingly soluble 
yellow crystalline compound B gossypol separates, which is much less 
toxic than gossypol itself, and melts at about 246—248°. Again, by 
fusion with alkali, a second new crystalline substance C gossypol can 
be obtained, and this, which is soluble in alkalis with a blue colour 
is probably closely related to the purple oxidation product of gossy¬ 
pol referred to above. 

Cotton-seed meal which has been submitted to the “Cooking 
process” loses much of its toxic property, and'contains then practi¬ 
cally no gossypol. By extracting this product with aniline, the 
aniline compound of D gossypol which crystallises in orange-yelldW 
prisms can be isolated. 

Alcoholic potash converts this compound into D gossypol itself, 
yellow crystals, which darken and soften at about 256°. 

From the cooked meal n per cent, of the aniline compound can 
be obtained. These products have not as yet been closely examined. 

Eriococcus coriaceus. 

This is a scale insect occurring in clusters consisting of small 
pinkish-white sacs, which encases the stems of young shoots of the 
Eucalypti, more especially those on old or burnt stumps. TTiese 
insects contain a colouring matter which dyes wool mordanted with 
chromium, aluminium, tin, and iron, brown, light amber, pale orange- 
brown and sage-green shades respectively. The colours thus ob¬ 
tained are not specially brilliant, and are not fast to alkalis 
(Gurney, Report of the Australasian Association for the Advance¬ 
ment of Science, 1898. Section B, 273). 
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Annatto. 

f This is derived from the fruit of the Bi.xa orellana (Linn.), a 
shrub found native in Central America, and cultivated in Brazil, 
Guiana, Mexico, the Antilles, and India. 

To prepare the dyestuff, the seeds and pulp are removed from 
the mature fruit, macerated with water, and the mixture is left to 
ferment. The product is strained through a sieve, and the colouring 
matter which settles out is collected, partially evaporated by heat, 
then placed in boxes, and finally dried in the sun. t 

Annatto comes into the market in the form of cakes, and among 
the different varieties Cayenne annatto is the most esteemed, and is 
considered to be the richest in colouring matter. (It should contain 
from io to 12 per cent, of the pure dye, and not more than 5 per 
cent, of ash, whereas the amount of colouring matter in the Bengal 
product is frequently lower than 6 per cent. ' 

In 1848 Dumontal devised a new method for the preparation of 
annatto, in which fermentation is avoided, and the pulp is simply 
washed out from the capsules and off the seeds. This product known 
as bixin is said to be five to six times more valuable than ordinary 
annatto (Crookes, “ Dyeing and Calico Printing ”). 

The colouring matters of this dyestuff were first investigated by 
Chevreul (“ I^e^ons de Chimie appliquee h la Teinture "), who isolated 
two substances, one yellow, which was called orreltin , soluble in 
water, and a second, bixin , which is red and very sparingly soluble,/ 
Bixin, the useful colouring matter, was subsequently examined 
by numerous chemists, who were only successful in preparing it as 
an amorphous powder, and its isolation in a crystalline condition 
was first achieved by Etti (Her., 7, 446; 11, 864). . 

Etti digested 1 ’5 kilos, of purified annatto with a solution of 150 
grammes of calcined soda ash in 2-5 kilos, of 80 per cent, alcohol on 
the water-bath at 80°. The mixture was filtered and the residue 
pressed between warm plates, and again extracted with 1 -5 kilos, of 
warm 60 per cent, alcohol. 

The alcoholic filtrate was diluted with half its volume of water, 
concentrated, sodium carbonate solution added, and the crystalline 
precipitate of sodium bixin was collected after several days, and 
pressed. The product purified by solution in 60 per cent, alcohol 
at 70—80“ and reprecipitation with sodium carbonate was finally 
made into a cream with alcohol, and this, when neutralised with 
hydrochloric acid, yielded crystalline bixin. 

A simpler method has been more recently devised by Zwick (Ber., 
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30, 1972). Well-dried annatto is extracted for twenty-four hours 
with boiling chloroform, the extract evaporated, and the residue 
thoroughly exhausted with ligroin. The product is crystallised from 
chloroform, and after washing with ligroin is repeatedly recrystallised 
from the former solvent. 

Bixin, C 28 H m O, (Etti, loc. cit.; Marchlewski and Matejko, Chem. 
Zentr., 1906, [ii.], 1265), consists of brown-red or deep-red rhombic 
crystals, which, when slowly heated, melt at 191 -5°, and when rapidly 
heated at 198°. It is sparingly soluble in the usual solvents, and of 
these it is most readily dissolved by chloroform'or alcohol. Con¬ 
centrated sulphuric acid dissolves bixin with a cornflower-blue color¬ 
ation, and this reaction is given by minute traces of the substance 
(cf. Crocin, p. 603, and Nycanthin, p. 614). 

Monosodium bixin, CosHjjOjNa + aH 2 0 , is best prepared by 
dissolving 10 grammes of bixin in a solution of 1 '2 grammes of sodium 
carbonate in 300 c.c. of 12 per cent, alcohol at 70° (Etti, Zwick). 
It is deposited on cooling in dark-red iridescent crystals, and can be 
obtained in the anhydrous condition by recrystallisation from 70 per 
cent, alcohol (Marchlewski and Matejko). 

Disodium bixin, CjsHjjOsNaj + 2H 2 0, is obtained when 20 
grammes of bixin is dissolved in a solution of 10 gjammes sodium 
carbonate in 600 c.c. of boiling 12 per cent, alcohol. It consists 
of a dark-red amorphous powder (Etti). Monopotassium bixin, 
C. 8 H 33 0 5 K + 2HjO, and dipotassium bixin, C 28 H 3)1 O s K 2 + 2H a O, 
have also been prepared. 

Bixin contains one methoxyl group. Distilled with zinc-dust, 
bixin yields, according to Etti, metaxylene, metaethylxylene, and a 
hydrocarbon, C U H U , boiling-point 270—280°. 

According to Zwick, bixin is readily reduced by sodium amalgam, 
and a compound, is thus produced. Marchlewski and 

Matejko, on the other hand, studied the action of zinc-dust and 
acetic acid, and obtained in this manner an orange-coloured crystalline 
substance which possessed a strong metallic lustre. When slowly 
heated it melts at 2o'o‘5°, but if the operation is carried out rapidly, 
at 208—210 0 . This compound is evidently of an unstable nature, 
for whereas when freshly prepared it gives C = 7 5 4, H - 77 per 
cent., on standing for some days in the air it becomes colourless and 
then gives C - 58 6, H •= 5-8 per cent At 100“ this change occurs 
more rapidly. 

More recently there has been much controversy as to the correct 
formula for bixin. 

Van Hasselt (Chem. Weekblad, 1909, 6, 480) contends that 
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pure bixin, which melts, at 189*, is CijH, t O s rather than C M H M 0 5 , as 
proposed by Etti ( lot. at.). If heated at 190* in a current of hydro¬ 
gen, 1 gramme mol. of bixin yields 1 gramme mol. of »-xylene, 
and no other volatile product, though it is not to be considered 
that a w-xylene nucleus exists as such in the bixin molecule. No 
palmitic acid could be obtained from bixin as Zwick suggests. 
Whereas both Etti and Zwick described mofio- and dipotassium 
salts of bixin, the latter is not in reality a compound of bixin, but of 
a new substance termed norbixin,' OK. C 2a H 3 ,, 0 : ,. OK, produced by a 
substitution of a methyl of the methoxy group present in the former 
by potassium (Rec. trav. cbim., 1911, 30, 1). Norbixin, C S9 H ;I2 0 3 , 
consists of a light red-coloured crystalline powder which decomposes 
at about 240°, and is distinguished from bixin by its insolubility in 
chloroform. 

Potassium bixinate with methyl sulphate gives bixin methyl ether, 
B(OMe) 2 , or C 3 oH 30 0 5 , plates, melting-point 156° (1909), and the 
same compound is obtained when a solution of bixin in methyl alco¬ 
hol is treated with potassium hydroxide and methyl sulphate (1911). 
On treatment with potassium hydroxide, bixin methyl ether is con¬ 
verted into norbixin. Bixin ethyl ether , C 31 H a8 0 .„ violet crystals, 
melts at 138°, and by methylation forms norbixin methyl ethyl ether, 
OMe . B . OEt, melting-point 149°. 

Potassium norbixin, obtained from bixin and alcoholic potash, 
gives with ethyl sulphate norbixin diethyl ether , C.jHsoOjfOEt),,, 
melting-point r2i°, together with norbixin ethyl ether, 

C 2 ,H M O a (OEt) (OH), 

melting-point 176°. 

The relationship between norbixin,’ bixin, and bixin methyl ether 
is shown as follows :— 

OH.R.OH OH.R.OMe OMe.R.OMe 

According to Hasselt, iso-hixin methyl ether , melting-point 149’, 
is produced when norbixin ethyl ether is methylated, and it is 
Jhus evident that the two hydroxyls of norbixin are not symmetri¬ 
cally situated. Iso-bixin, OH. R . OMe, melts at 178°, and may be 
‘ obtained by the partial hydrolysis of bixin methyl ether, and this, by 
ethylation with ethyl sulphate, gives norbixin diethyl ether, melting- 
x point 121°, the methyl being thus replaced by an ethyl group. Iso- 
bixin is distinguished from bixin by the greater stability of its methyl 
group in presence of potassium hydroxide solution. 

The product of the reduction of bixin obtained by Marchlewski 
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and Matejko, and referred to above, is considered by van Hasselt 
to consist of dihydrobixin, C2jH M 0 6 . He has also described dihydro- 
bixin methyl ether , C 30 H, 8 O Sl melting-point 174 0 ; dihydro-iso-bixin, 
CjbHjjOj, melting-point 190“; and dihydro-norbixin, C 2 ,H M 0 5 , which 
decomposes at 235“. 

By the action of bromine, bixin yields bixin decabromide , 
i I^OjBr,,, 

whereas bixin methyl ether yields the analogous compound, 
C 3 (iH 3S O i Br 1 |„ 

and both these substances are colourless amorphous powders. At¬ 
tempts to benzoylate or acetylate bixin were unsuccessful. 

On the other hand, Heiduschka and Riffart (Arch. Pharm., 
1911, 240, 43) consider that the old formula for bixin is 

preferable to that of C 2e H 34 O s , advocated by van Hasselt. Bixin, 
by the action of bromine in the presence of chloroform, gives the 
compound C 28 H 34 O s Br 10 , 4HBr, melting at 143°, and this by heating 
at too 0 is converted into the decabromide C 28 H S4 0 5 Br u , which can 
be obtained crystalline from alcohol, but is unstable. By the action 
of chlorine on bixin and norbixin respectively, the amorphous com¬ 
pounds C 28 H 34 0 ,,C 1 4 o, 4HCI and C^HjjOsCIjo, 4HCican be prepared. 

Van Hasselt (Rec, trav. chim., 1914, 33, 192), however, main¬ 
tains that his formula for bixin, C 2( ,H 34 0 6 , is correct, and states 
that the discrepancy shown by the results of his own work and that 
of Heiduschka and Riffart arises from the fact that bixin is readily 
susceptible to oxidation with the formation of amorphous products. 
The bixin of these latter authors was not completely pure, and it is 
quite correct that specimens which are purified by their method 
give figures in harmony with the older formula, C 28 H 34 0 5 . Again, 
the analytical numbers given by Marchlewski and Matejko for hydro- 
bixin are explainable if bixin is given the formula C 29 H 34 0 5 . 

A new formula, C 26 H 47 O s . OMe, for bixin was now suggested by 
Herzig, Faltis, and Mizzan (Monatsh., 1914, 35, 997), who state that 
it is difficult to correctly analyse bixin unless special precautions are 
adopted. Dihydrobixin , the product of the action of zinc-dust and 
acetic acid on bixin, melts at r 78—179° whereas the methyl ether 
obtained by means of diazomethane and bixin, or methyl sulphate 
and potassium bixin, melts at 158°. 

Though, as Hasselt states, bixin at 190—200° yields w-xylene, 
the reaction is hardly of a quantitative nature, in that the crude oil, 
though containing this hydrocarbon, possesses no constant boiling- 
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point. Rinkes (Chem. Weekblad) suggests that the formula of bixin 
is though Herzig and Faltis (Ber., 1917, 50, 927) in reply, 

reiterate that the expression C 3 # Hj,, 0 4 is to be regarded as correct, 
and that the real difficulty lies in the combustion of this colouring 
matter. Heiduschka and Panzer (Ber., 1917, 50, 546) point out, 
however, as the result of further investigation, that the main diffi- 
culty is in the purification of the substance. The most satisfactory 
products are those obtained by means of acetone and ethyl acetate, 
which, when analysed, give figures agreeing with the formula 

C, 5 H 3 A *" 

When ozonised, methyl bixin forms an ozonide , and this by dis¬ 
tillation, and partly by the action of calcium carbonate, gives among 
other products, methyl fi-ace/yl acrylate, and a crystalline compound, 
melting-point 85 , which yields an oxime, melting-point 
ro6', and may be the methyl ester ol a ketonic acid. Methylbixin 
thus appears to contain the linkage 

C.Me.CHtCH.C.OMe 

(Rinkes and Hasselt, Chem. Weekblad, 1916, 13, 244, and 14, 888). 

Sodium hyposulphite reduces bixin to a -hydrobixin, red needles, 
melting about 200 ’, norbixin to a-hydronorhixin , violet crystals, and 
methylbixin to a -hydromethylbixin, violet needles, melting-point 190 
—192". 

On the other hand, with titanium sesquioxide, bixin gives 
p-hydrohixin , norbixin ( 3 -hydronorhixin, and methylbixin ft-hydro - 
methylbixin , the latter of which melts at 170’. By the action of 
zinc-dust both a- and /J-hydrobixins are converted into the same 
y -hydrohixin, yellow crystals, melting-point 207’ (van Hasselt, ibid., 
1916, 13, 429). 

Dyeing Properties,— Annatto is still employed to a fair extent for 
colouring oils and butter, but is almost extinct as a dyestuff in this 
country. As the orange-red colour which ij yields is extremely 
fugitive to light, it has at no time been very extensively used. On 
.the other hand, it resists the action of soap and dilute acids very 
well .) 

1 In order to dye cotton, the annatto is first dissolved in a boiling 
solution of carbonate of soda, and the goods are then entered and 
left in the bath for a quarter of an hour.! They are subsequently 
pressed out, and washed in slightly acidulated water or alum solution.) 

'• For silk, the bath is made up with equal parts of annatto and 
sodium carbonate ; soap is also usually added, and the dyeing is 
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continued at 50° for about an hour, according to the shade required. 
The colour produced can be rendered somewhat more yellow by 
passing the fabric through a weak solution of tartaric acid. 

Wool is dyed at 80—too 0 without any addition to the bath. ) 

NyCANTHES ARBOR-TRIST 1 S. 

Nycanthes arbor-trhtis (Linn.).—This is a large shrub with 
rough leaves and sweet-scented flowers occurring in the sub-Hima- 
layan and Tarai tracts; also in Central India, Burma, and Ceylon. 
The flowers open towards evening and fall to the ground on the 
following morning. The corolla tubes are orange coloured and give 
a beautiful but fleeting dye, which is mostly used for silk, sometimes 
in conjunction with "kusum ” or turmeric, occasionally with indigo 
and kath (Watts, “Diet, Econ. Prod, of India,” 1891, 5, 434). 

According to Hill and Sirkar (Chem. Soc. Trans., 1907, 91, 
1501), these flowers yield a red crystalline colouring matter, nycanthin. 
An aqueous decoction treated with 1 per cent, of hydrochloric acid 
is warmed gently for several hours, the precipitate collected and 
extracted with boiling alcohol. The extract heated with r per cent, 
hydrochloric acid deposits the colouring matter in red flakes which 
are washed with alcohol, and crystallised from pyridine or phenyl- 
hydrazine. 

Nycanthin separates from pyridine in minute regular hexagons, 
and from phenyl-hydrazine in rhombic crystals; these are yellow 
while wet, but brick-red when dry, and melt between 234—235°. 
Perkin (Chem. Soc. Trans., 1912, 101, 1539), however, states that 
this is incorrect and should be 285—287°. It dissolves in alkalis to 
form a yellow solution from which it appears to be reprecipitated 
unchanged by acids, and contains no methoxyl group. With 
sulphuric acid it gives a most intense blue colour, which, however, 
rapidly turns yellow, and in this respect resembles bixin, the colour¬ 
ing matter of annatto (Bixa orellana, Linn.). 

The analyses of Hill and Sirkar (loc. cit.) agree closely with 
C m H )7 0 1 or CijH.ijOa, but of these formulae the former was considered 
preferable. 

Acetylnyawthin, CjoHjjO^ . C a HjO, and a bromine compound, 
both of which are amorphous, have been prepared by these authors. 
Mannitol was also isolated from the flowers. 

For dyeing purposes the material (silk or cotton) is simply steeped 
in a hot or cold decoction of the flowers. The addition of alum and 
lime juice to the dye-bath is said to render the colour more per¬ 
manent. 
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Cedrela toona. 

The Ctdrtla toona , the Toon or Indian mahogany tree, is a large 
tree 50 to 60 feet, although occasionally reaching roo feet in height, 
the wood of which closely resembles mahogany and is imported into 
England under the name of “ Moulmein Cedar ’’ and much used 
for making furniture. It occurs in the tropical Himalaya from the 
Indus eastward, throughout the hilly districts of Central and Southern 
India to Burma, and is also found in Java and Australia. The 
flowers constitute one of the less important Indian natural dyestuffs, 
and are reputed to yield both a red and a yellow dye (known in 
Bengal as “ Gunari," which is applied without mordants). Although 
considerably employed for dyeing purposes alone, the flowers are also 
used in Burma in conjunction with safflower and together with tur¬ 
meric to produce the sulphur-yellow colour or "basanti ” of Cawn- 
pore. 

To isolate the colouring matters, l’erkin (Chem. Soc. Trans., 
1912, 101, 1539) digested an aqueous extract of the flowers with a 
little hydrochloric acid at 70—80'', which caused the separation of a 
reddish-brown precipitate. This collected and dried was exhausted 
with boiling alcohol, and the solution on evaporation deposited a 
small amount of a red microcrystalline powder. By re-crystallisation 
from pyridine and removal of an insoluble amorphous impurity, this 
separated in large orange-coloured leaflets which contained pyridine, 
and became red and opaque when washed with benzene or alcohol, 
the pyridine being thus eliminated. 

It melted at 285—287° and with cold concentrated sulphuric acid 
gave a deep indigo blue liquid, resembling in this property bixin, 
the colouring matter of annatto, Bixa orellana (loc. at.). This com¬ 
pound proved to be identical with the red colouring matter nycanthin 
isolated by Hill (ibid., [907, 91, 1501) from the flowers of the 
Nycanthes arior-tristis to which the erroneous melting-point 234— 
235° had been assigned. The amount which is present in the Toon 
flowers is very small and does not seem to average more than o't 
per cent. Though there appears to be little doubt that nycanthin 
and bixin are closely related, the connection between the two com¬ 
pounds cannot be predicted with any reasonable certainty until 
chemists are in agreement as to the correct formula of bixin, etc. 
The analyses of Hill and of Perkin indicate that nycanthin contains 
approximately C - 72-68, H =« 7-75, and the simplest formula to 
which this corresponds is C 15 H 1# 0 3 . Among the numerous expres¬ 
sions proposed for bixin is, however, that of van Hasselt (cf. 
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Annatto), C 29 H J4 0 5 , and should this eventually prove to be correct, 
then nycanthin is possibly an oxy- or hydroxy-bixin, CsjH st O« 
(C - 72 8; H = 7'i). 

Addition of sine-dust to the hot orange-yellow coloured alkaline 
solution of nycanthin causes decolorisation. From this by acidi¬ 
fication a colourless or faintly yellow precipitate separates, and this, 
as is well known, is a property also possessed by bixin. 

Cotton on immersion in a boiling dilute solution of nycanthin 
in sodium carbonate and subsequently rinsing with acidified water, 
is dyed an orange shade indistinguishable from that given in these 
circumstances by annatto, a fact which again points to a relationship 
between the two colouring matters. 

The flowers of the Cedrela toona contain in addition to nycanthin 
a fair amount of quercetin, probably as glucoside, and also a second 
flavone or flavonol dyestuff, the identity of which was not ascertained. 
A sugar, C^H^On, is also present, and this after purification melted 
at 165—168°. 

Cotton and woollen fabrics can be dyed a dull yellow colour by 
mere immersion in a boiling extract of Toon flowers. This, how¬ 
ever, is not permanent and is removed, although much more quickly 
from cotton than wool, by the action of soap or dilute alkali. Better 
results are obtained by the employment of mordants, and the follow¬ 
ing shades were obtained with mordanted woollen cloth:— 

Chromium. Aluminium. Tin. Iron. 

Dull brownish- Full golden- Bright yellow. Dull 
yellow. yellow. olive-brown. 

During these operations, nycanthin or its glucoside apparently 
plays no part, and the colours obtained are due to the flavone gluco- 
sides present. Not only the flowers but the seeds of the Cedrela 
toona are stated to give a red dye. 

Algarrobin. 

A new natural dye product, termed “ Algarrobin,” obtained from 
the wood of the carob tree, Ceratonia si/iqua, found in the Argentine, 
has recently been placed on the market. According to a report of 
the United States Consul-General at Buenos Ayres, it is largely 
employed in the Argentine for dyeing khaki cloth for military pur¬ 
poses, and some quantity is also being imported to the Continent of 
Europe. It is said to dve the textile fibres a light brown colour, 
though if these be previously mordanted, more varied shades may be 
obtained. As it acts also as a mordant for the Coal Tar colours, it 
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would appear to be a tannin, and may indeed be allied to ellagi- 
tannin, as its name suggests (cf. Algarobilla, loc. at.). 

LYCOPERDON GEMMATt'M. 

According to Kotake and Naito (Zeitsch. physiol. Chem., 1914, 
90, 254) the fungus Lycoperdon gemmatum on extraction with alcohol 
gives a crystalline brown dyestuff. This is a glucoside, and when 
hydrolysed gives dextrose and gemmakin, C 17 H 12 0 ; , brown needles. 
Fusion with alkali gives p-hydroxyphenylacetic acid, and when oxi¬ 
dised with hydrogen peroxide homogentiuc anhydride is produced. 

Phoenin and Phoenician. 

Phoenin, C u H ls O;, the glucoside of the leuco compound ol 
phoenicein, is found in the bark parenchyma cells of the Copaifera 
’•bracteata (Benth.), (purple wood), and crystallises from water in minute 
colourless needles or rods, which, on standing in air, develop a faintly 
violet tint. By boiling with methyl alcohol and hydrochloric acid, 
phoenin is converted into phoenicein , and, on addition of water to the 
acid solution, is deposited as a red powder, soluble in ammonia, with 
a violet-blue coloration. Purple wood yields approximately 2 per 
cent, of phoenicein. 

Lokao. 

Lokao, a green dyestuff of Chinese origin, is, or rather was, since 
•it has been supplanted by artificial colouring matters, met with in 
commerce in the form of thin lamina; of a dark bluish or bluish- 
green colour. Though formerly employed to some extent in Europe, 
it does not appear, owing to its extremely expensive nature, to have 
been extensively used. According to Crookes (“ Dyeing and Calico 
Printing,” 429), lokao contains from 21*5 to 33 per cent, of ash, 
9’3 per cent, of water, and 617 per cent, of colouring matter. It is 
insoluble in water and the usual solvents, but dissolves in sulphuric 
acid with a red-brown coloration, and also in alkalis, the solution 
thus obtained gradually acquiring a brown tint. 

According to Hellot (Crookes, loc. cit.) and others, lokao requires 
for Its preparation two distinct plants, the Rhamnus dahurica (Pall.) 
(bong. pi. lo. chou) and the R. tinctoria (Walldst. and Kit.) (pe. pi. 
lo. chou), the first of which is said to yield a deep and fast colour, 
whilst from the latter a weak but brilliant colour can be obtained. 
According to Riipe (“ Die Chemie der natiirlichen FarbstolTe,” 1900), 
the plant bark is extracted with hot water, the extract allowed to 
stand over-night, filtered, and then treated with potassium carbonate 
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or milk of lime. Cotton yarn is immersed in this mixture, subse¬ 
quently withdrawn and spread out in meadows over-night and a por¬ 
tion of the daytime, and the operation repeated ten or twenty times. 
The colouring matter is removed by rubbing the yarn with the hands 
under cold water, and the precipitate, which settles to the bottom of 
the receptacle, is washed by decantation, spread on paper and dried 
in the shade (cf. also Crookes, loc. tit.). 

According to Cloez and Guignet (Jahres,, 1872, 1068) lokao or 
Chinese green is, in reality, a lake, and by treatment with ammonium 
carbonate is converted into the ammonium salt of the colouring 
matter lokain, NH 4 . C 2a H 3 j 0 1! . By the action of dilute sulphuric 
acid lokain is hydrolysed with formation of lokactin, C 18 H 1( Oi 0 , 
glucose, and a soluble compound which is precipitated by basic 
lead acetate. 

Kayser (Ber., 1885, 18, 3417} extracted finely powdered Chinese- 
green with concentrated ammonium carbonate solution, added alcohol 
to the clear liquid, and thus obtained a precipitate of the crude am¬ 
monium salt of the colouring matter which he termed lokaonic acid. 
This was collected, extracted with ammonium carbonate, the solution 
precipitated by alcohol, and the operation repeated several times, the 
product being finally dissolved in water and the liquid evaporated to 
crystallisation with the addition of a little ammonia. Thus prepared 
the diammonium salt of lokaonic acid, C^H^O^NH^, consists of 
small crystals possessing a bronzy lustre, which at 40° C. commences 
to lose ammonia, and at too” gives the mono-ammonium salt , 

C iS H 4 Ar(NH 4 ) 

The potassium salt , C 4a H w 0 2 7K 2 , separates in the form of a blue 
amorphous powder, when a concentrated aqueous solution of the 
diammonium salt is treated with alcoholic potash; whereas the 
barium salt, C 4J H M 0 27 Ba, obtained by means of barium chloride, 
has a similar appearance, and the lead salt, C v _.H M 0 ._, 7 Pb, is a dark 
brown powder. 

Lokaonic acid , C 4a H 48 0 2 7, prepared by the decomposition of the 
diammonium salt with oxalic acid, consists of a bluish-black powder, 
which, when rubbed, develops a metallic lustre. It is insoluble in 
the usual solvents, but dissolves in solution of the alkaline hydroxides 
and ammonia with a pure blue tint. 

Treatment with sulphuretted hydrogen changes this to a blood- 
red colour, which passes to green on exposing the liquid to air. 
Digested with dilute sulphuric acid on the water-bath lokaonic acid 
is hydrolysed with formation of lokanic acid and a sugar lokaose. 
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Lokanic acid, CjjHjjOjn is a violet-black crystalline powder in¬ 
soluble in water, alcohol, ether, and chloroform, but soluble in alkaline 
solutions with a violet-blue coloration. 

The ammonium salt, C st Hgj0 2i NH ( , the barium salt, C 3 ,iH st 0 21 B,i, 
and the lead salt, CjoH^OjjPb, are described by Kayser. 

Hot 50 per cent, potassium hydroxide solution converts Jokanic 
acid into phloroglucinol and delokanic acid, C 15 H # O e > which consists 
of a brown powder dissolved by dilute alkalis, whereas nitric acid 
gives with lokanic acid nitrophloroglucinol. 

Lokaose, C 9 H i2 0 # , obtained by the hydrolysis of lokaonic acid, 
crystallises in colourless needles, and is optically inactive. 

These results have, in the main, been confirmed by the recent 
work of Rudiger (Arch. Pharm., 1914, 252, 165), who, however, 
gives the following compositions to the various products, viz.: 
‘Lokaonic acid, C 42 H 4 ,) 0 2 s ; Lokanic acid, C 3G H 3# 0 21 ; Delokanic acid, 
C 12 H 8 05, and has shown that the sugar “lokaose,” obtained by 
Kayser, has the composition C«H 1S 0 S , not C,,H 12 0 # , and is rhamnose. 

By the action of nitric acid (specific gravity 1 '4} on delokanic 
acid (which, like lokanic acid, contains one methoxy group) Rudiger 
obtained oxalic acid and a substance that crystallised in orange-yellow 
needles, melting-point 129°, of the composition C g H; 0 ; ,N, which 
he considers may be i-nitro-^-methaxy-bamic acid (melting-point 
132° C.). The following represents the above-mentioned changes 


Lokaonic acid 


( 


Kayser, C 42 H 48 0 2 7 - 
Rudiger, C 42 H 4 , 0 »v 


H.,S 0 4 

1 
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The composition given to lokaonic acid by Rudiger is obviously 
more in keeping with the fact that the process whereby lokanic acid 
is obtained from it is one of hydrolysis, and Kayser’s figures do not 
represent this. 

According to Persoz, cotton can be dyed in a weak alkaline 
solution of lokao, and it behaves also as a vat dyestuff, for which 
purpose it may be reduced by faintly acid or alkaline stannous 
chloride. The colour thus obtained is blue, and can be converted 
into green by the subsequent employment of a yellow dyestuff. 

In order to dye cotton a green with lokao, Persoz recommends 
a bath prepared by adding the pigment to a solution of soap, 
whereas for silk Michel obtained excellent results by employing 
lokao and alum solution in the presence of lime salts. For the 
Chinese and other methods of employing this dyestuff, see Crookes 
(Inc. cit.) and Rape (toe. cit.). 

Datisca cannabina (Linn.). 

This is a tall, erect herb, resembling hemp, belonging to the 
Datiscecr ., and met with in the temperate and sub-tropical Western 
Himalayas from Kashmir to Nepal. The root, known as Akalbir, 
has been extensively used in Kashmir and throughout the Himalayas 
as a yellow dyestuff chiefly on alum-mordanted silk; but the colour¬ 
ing matter appears to be present in the whole plant, for the leaves 
and twigs can also be employed for the same purpose. 

The leaves of the Datism cannabina were first examined by 
Braconnot (Ann. Chim. Phys., [2], iii., 277), who isolated from them 
a crystalline substance which he named datisein. Somewhat later it 
was shown by Stenhouse (Annalen, 1856, 98, 167) that this compound 
is a glucoside, and when hydrolysed is converted into a sugar, 
together with a yellow colouring matter, datiscetin, C 15 Hj 0 O 5 . 

Schunck and Marehlewski (Annalen, 278, 261), however, con¬ 
sidered that the formula C i5 H 12 0 s was preferable, and showed that, 
on fusion with alkali, datiscetin gives salicylic acid. By the action of 
dilute nitric acid, a nitro-sa/icy/ic acid was produced, whereas with 
strong nitric acid, picric acid, as already indicated by Stenhouse, was 
formed. Datiscetin appeared to contain methoxyl groups, and was 
at that time considered by the authors to be most probably a xanthone 
derivative. 

Korczynski and Marehlewski (Ann. d. Akad. Krakau, 1906, 95) 
have shown that pure datiscetin, CisHjqOj, however, does not contain 
methoxy-groups. It consists of yellow needles, melting-point 
268—269°, soluble in alkaline solutions, with a yellow colour, and 
620 



COLOURING MATTERS OF UNKNOWN CONSTITUTION 


gives, with sulphuric acid, a yellow liquid possessing a green fluor¬ 
escence. When btjiled with strong alkaline solutions, phenol and 
salicylic acid are produced. 

Tetraacctyldatiseetin, Ci 6 H s Oj(C 2 HsO) 4 , forms colourless needles, 
and melts at 138°; and tetrabemoyldatiscetin , CuHjO^CjHsO),, gives 
colourless needles, melting-point 190—191 0 . 

Leskiewicz and Marchlewski (Ber., 1914, 47, 1599) by the action 
of bromine on datiscetin in boiling acetic acid solution obtained 
tribromphloroglucinol ', and as a result suggest that this colouring 
matter is the 1:3:1' trihydroxy-flavonol— 



. Datisrin , C ;i H 21 O u (S. and M.), the glucoside, crystallises in silky 
needles, which melt at about 190", and dissolve in alkaline solutions 
with a yellow colour. Hydrolysis with dilute sulphuric acid yields 
datiscetin and rhamnose, not datiscetin and glucose, as stated by 
Stenhouse (lot. cit,). 

The dyeing properties of datisca root on wool are very similar to 
those of old fustic. It is, however, slightly inferior in dyeing power. 
On cotton it dyes more like quercitron bark, in so far that the olives 
.obtained on iron mordant are bluer in shade, as though some tannin 
matter were present. It appears to have about the same colouring 
power as quercitron bark, but gives a brighter yellow with aluminium 
mordant. Applied to wool, it differs from quercitron bark by giving 
with chromium mordant an olive-yellow, which is not of such a 
reddish tinge, and with tin mordant a bright yellow instead of an 
orange. It is an excellent dyestuff, and worthy to rank with the 
natural yellow mordant colouring matters at present in use (Hummel 
and Perkin, J. Soc, Chem. Ind., 1895, 14, 458). 

Gardenia orandiklora. 

*The fruit of the Gardenia grandijlora , known as “ Wongsky,” is or 
was employed in China for dyeing yellow, as an assistant for the pro¬ 
duction of green colours, and in conjuction with safflower. Accord¬ 
ing to Crookes (“ Dyeing and Calico Printing,” 422) it has not been 
much used in this country, and the yellow and orange colours it 
yields are of a somewhat fugitive character. 

Rochleder and Mayer (J. pr. Chem., 74, 1) isolated from it 
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pectin, the rubichloric acid (chlorogenin) which is present in Madder, 
Chayroot and Morinda root ( loc . at.), tannin, and a red amorphous 
colouring matter apparently identical with the crocin of saffron 
(i Crocus sativus). Persoz obtained the colouring matter as a reddish 
crystalline mass (Crookes, loc. tit), and found that this dyed cotton 
when mordanted with alumina, yellow, and when mordanted with iron 
an olive colour. 

In Bancroft’s “Philosophy of Permanent Colours,' 1 i., p. 285, 
mention is made of the use of the Gardenia ftorida by the Chinese 
for the dyeing of scarlet under the name of “ unki 

The Decamalee or Dikamali gum, which is obtained in India from 
the Gardenia lucida, contains, according to Stenhouse and Groves 
(Annalen, 200, 311), Gardenin, C H H 12 O fi , melting-point 163—164°, 
and this was isolated as deep yellow crystals insoluble in water and 
alkaline solutions. 
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CHAPTER XIX. 


LAKES FROM VEGETABLE COLOURING MATTERS.* 

Until the advent of the synthetic dyestuffs, the natural dyestuffs 
formed the only source of the manufacture of organic pigments 
(lakes), and though their importance for this purpose has been 
reduced to a minimum, some of these are, or were until recently, 
employed for the production of lakes for certain special purposes. 
A general account of the more important of these older lakes is 
given here, chiefly as a matter of historical interest, for there can be 
.little doubt that all, or at least most of these will eventually become 
obsolete. 

. According to Pliny, the dried scum collected by the dyers of 
Tyrian purple from their dye liquors furnished a costly purple- 
coloured pigment employed by painters. The indicum of the 
Roman artists was probably obtained in the same manner from a 
woad or indigo vat. Caneparius, a Venetian writer on dyeing in 
1619, states that it was the custom of dyers to evaporate the waste 
lac dye liquors in order to obtain an artificial lac used by artists. 

Similar pigments were afterwards prepared or collected from the 
.waste dye liquors of kermes, brazilwood, etc. Such pigments were 
called by the Italians /accnt, and these were distinguished from each 
other by adding the name of the substance whence the colour was 
derived, e.g. lacca di verrino (brazilwood), lacca di gram (kermes), 
lacca dicremise , etc. 

As to the word lake itself, the Indian “ lac ” or “ lakh ” means a 
hundred thousand, and refers to the immense numbers in which the 
lac insects (Coccus laccat) appear at certain seasons on the branches 
infested by them. 

At the present time true lakes are like those of the early days, 
being, as is well known, insoluble metallic compounds of organic 
colfturing matters. 

. Madder.lake.—\n the preparation of madder-lake extraction of 
the madder with boiling water was avoided, in order not to dissolve 
those impurities which would cause the production of a less brilliant 
lake. It was usual, first of all, to decompose the glucoside of the 

* In this chapter is embodied much of an article by the late J. J. Hummel 
in Thorpe’s “ Dictionary of Applied Chemistry ", 
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madder, and thus increase the actual colouring matter, by a steeping 
in slightly tepid water and allowing the mixture to ferment for twenty- 
four hours, then to wash with cold water and extract with alum solu¬ 
tion at 60—70°, employing about equal weights of madder and alum. 
The hot filtered alum solution of the colouring matter was pre¬ 
cipitated as an alumina lake by adding sodium carbonate, and the 
precipitate was washed. 

Another method was to precipitate impurities from a hot filtered 
decoction of madder by adding a small quantity of lead acetate, then 
filter, add a solution of alum, and precipitate with sodium carbonate. 

Matters could be so arranged as to precipitate basic aluminium 
sulphate instead of aluminium hydroxide, namely, by adding an in¬ 
sufficiency of sodium carbonate to the cooled solution of alum and 
colouring matter, and then boil the mixture. 

Garancine was preferable to madder for preparing madder-lake," 
since it does not contain any of the colouring matter in the form of 
glucoside (ruberythric acid), and the soluble impurities have also 
been for the most part removed. Thus 1 kilo, garancine was re¬ 
peatedly extracted for several hours with 20 litres of boiling water 
containing 0^25—0-5 kilo, alum, and the solution filtered hot through 
flannel. On cooling, the colouring matter separated from the filtrate 
as a (locculent precipitate. This was collected and dissolved in 
ammonia, and the filtered solution precipitated with alum, or stan¬ 
nous chloride, or a mixture of both. The colour intensity of the 
lake varied with the proportions of ammonia and precipitant em-' 
ployed. A method similar to that described for madder could also 
be employed in preparing madder-lake from garancine. 

Bright carmine-red lakes could be obtained if, in the preparation 
of madder-lake, an ammoniacal solution of cochineal-carmine was 
employed for precipitating the alum solution, instead of the sodium 
carbonate. This method was adopted to render the lower qualities 
of madder-lakes more attractive. Cheap qualities of madder-lakes 
were also prepared sometimes by extracting mixtures of madder and 
Brazilwood with sodium carbonate, and precipitating with alum or 
a solution of tin. 

So-called “ crystallised madder-lakes ” were such as contained a 
certain quantity of potassium or sodium sulphate, etc. 

" Madder-pink-lake ” was simply madder-lake diluted with about 
seven parts of “ blanc fixe ’’ (precipitated barium sulphate). 

Madder-lake is entirely, or for the most part, soluble in caustic 
potash and soda. If chalk or other diluent was present, this remains 
undissolved. Boiled with dilute sulphuric or hydrochloric acid, the 
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lake is decomposed, tbe colouring matter being liberated in the. form 
of a flocculent or crystalline precipitate. In dilute ammonia, pure 
well-made madder-lake is not soluble (distinguishing test from 
cochineal-carmine). Up to within a few years ago, a rose-coloured 
lake was still being prepared from the madder preparation known as 
“ Kopp's purpurine " {loc. cit.), and was considered to possess certain 
characteristics as a paint, which up till then had not been found in 
other materials. 

References. —Colomb, Bull. Mulh., 12, 307; Dingl. poly. J., 73, 
47; Persoz, Traitfi de 1 ’Impression des Tissus, 1, 507; Merimti, 
ibid., 1, 505 ; Robiquet and Colin, ibid., 1, 505 ; Khittel, Polyt. 
Zentr., 1859, 8r. 

Cochineal-carmine .—In the preparation of this brilliant scarlet 
lake, cochineal is extracted in tin-lined vessels with a large quantity 
of boiling water. Certain additions are made to the filtered decoc¬ 
tion, and it is then allowed to stand for several weeks, or even 
months, in shallow vessels of tin or porcelain, during which period 
the carmine gradually separates in the form of a fine red powder. 
The additions referred to have varied with different makers, and in¬ 
clude the following: potassium binoxalate, acid potassium tartrate 
(cream of tartar), alum with or without cream of tartar, hydrochloric 
acid, etc. In all cases the presence of iron must be strictly avoided. 
The necessary ingredients may also be added to the water with which 
the cochineal is boiled, in which case the decoction must be filtered 
hot, since it rapidly becomes turbid on cooling. The addition of 
gypsum, calcium carbonate, zinc oxide, etc, so usual in other cases, 
must be avoided, since these render the lake violet. 

The manufacture of cochineal-carmine is now veiy restricted, 
and the methods employed foi producing the finest product have 
always been kept secret. 

According to Alyon and Langlois, 500 grams cochineal are boiled 
for one and a half hours in 30 litres water containing 25 grams 
sodium carbonate. The decanted solution is wcll.stirred up with 
25—35 grams powdered alum, and then allowed to settle about 
twenty minutes; the clear liquid is poured off, a dilute solution of 
isfnglass or albumen is added, and the whole is heated until the 
carmine collects together in the form of a coagulum. After cooling 
and allowing to settle, the supernatant liquid is decanted off, the 
carmine is collected on a filter, washed, and dried at a low tempera¬ 
ture. The deeply coloured filtrate serves for the production of 
carmine-lake. 

Even alum alone could apparently be used as the precipitating 
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agent, according to an old recipe, but it seems likely that in this 
case water possessing an alkaline reaction must of necessity have 
been employed. Boil sixteen parts ground cochineal for ten minutes 
with about 600 parts of water, then add 1 part ground alum, boil 
a few minutes longer, filter the hot solution, and allow the filtrate to 
stand in shallow porcelain basins. In the course of a few days the 
carmine is said to separate in the form of a red slimy precipitate, 
which is collected and dried. The decanted liquor on standing 
yields a further quantity of carmine of a lower quality; its precipita¬ 
tion is facilitated by the addition of a small quantity of stannous 
chloride. 

The residual cochineal which has thus been only partially ex¬ 
hausted serves for the preparation of carmine-lake. 

In other similar recipes a mixture of alum and cream of tartar is 
used instead of alum only, but in that of Madame Cenette, at one 
time a celebrated maker of carmine, the statement that the effective 
precipitating agents are potassium nitrate and potassium binoxalate, 
is difficult to understand. 

Chinese carmine is said to be prepared by extracting cochineal 
with a boiling solution of alum, heating the filtered decoction with 
the addition of a solution of tin in nitric and hydrochloric acid 
[aqua rigid), and finally leaving the liquid to stand till the car¬ 
mine separates. 

Cochineal-carmine is insoluble in water, but soluble in alcohol. 
In ammonia solution it dissolves readily with a purplish-crimson 
colour; from this solution tartaric acid precipitates the original 
carmine, for although when dried the precipitate has a brownish-red 
colour, it becomes bright red when powdered. The following an¬ 
alysis of cochineal-carmine is given by C. Liebermann (Ber., 18, 

■969):— 


Moisture . 

. 17 percent. 

Nitrogenous matter 

. 20 „ 

Ash .... 

7 >* 

Colouring matter 

• 5 6 » 

Wax . 

traces 


The ash consists of Sn0 2 o'6j per cent., Al s O a 4g'o9, CaO 
44 85, MgO ro2, Na s O 3 23, K s O 3 56, P 2 0 5 3'io. From these 
analyses Liebermann considers cochineal-carmine to be a peculiar 
aluminium calcium protein compound of the carmine colouring 
matter, somewhat analogous to the Turkey-red lake, in which alizarin 
is combined with aluminium and calcium. According to the ex- 
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periments of the late J. Bedford of Leeds, cochineal-carmine can 
only be prepared if a calcareous water is employed, or if calcium salts 
are added during the reaction. Cochineal-carmine can, indeed, be 
readily produced by adding to a cold extract of the dye prepared 
with a hard water potassium carbonate, alum, and subsequently 
cream of tartar (or potassium binoxolate) in definite proportion. 
The carmine precipitate separates very gradually during some days, 
and has an extremely brilliant character. If a small quantity of 
stannic chloride is also added to the mixture the precipitation is 
hastened and the product possesses a more scarlet tint (Perkin, 
private communication). 

Carmine-hike is simply an ordinary aluminium or tin lake of the 
colouring matter of cochineal, produced by adding sodium carbonate 
to a cochineal decoction containing alum or stannous chloride, or 
both. 

Florcntine-tah is, or was, merely a special quality of carmine-lake, 
containing usually an excess of alumina, and sold in the form of 
tdrops”; and the so-called Venetian-lake, Hamburg-, Chinese-, 
Roman-, and Scarlet lakes were all varieties of Florentinc-lakc. 

Brazil Indian-Iake or Lac-lake , a dark purplish-red lake analogous 
to carmine-lake, can be prepared in a similar manner from the Indian 
product lac dye. 

Brazilwood-lake was prepared by extracting Brazilwood or peach- 
wood with boiling water, adding alum and tin solution to the tillered 
decoction, and finally precipitating with sodium carbonate, avoiding 
excess. Another method was to add precipitated and washed alu¬ 
minium hydroxide to a filtered decoction of Brazilwood. Freshly 
prepared decoctions are never suitable for the manufacture of these 
lakes; they should always be oxidised, by exposure to air or other¬ 
wise, in order to change the principle brazilin into the necessary 
colouring matter hrazilem. 

Vienna-hike was a species of Brazilwood-lake, prepared in the 
following manner: A mixture of ground starch (30 kilos.), chalk 
(10 kilos.), and a little gypsum, is stirred up with a d&oction of Brazil¬ 
wood ; then' ground alum (1 kilo,) is added and the whole is well stirred 
for twelve hours and finally allowed to settle. After decanting the 
clear liquor, Brazilwood decoction is again added to the residual pre¬ 
cipitate, together with a further quantity of alum (1 kilo.), and the 
stirring is continued as before. This process is repeated until the 
precipitate has taken up sufficient colouring matter and acquired the 
character of a lake, The decanted liquors are agitated with fresh 
starch, chalk, etc., in order to yield further quantities of lake. 
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In the foregoing process the alum is decomposed by the chalk, 
and the alumina precipitate thus produced combines with the colour¬ 
ing matter. At first the lakes appear violet through the presence of 
excess of chalk, but with the continued addition of alum they gradu¬ 
ally acquire a crimson colour. 

Fine dark carmine-red lakes can be obtained by adding stannous 
chloride and cream of tartar to a concentrated old decoction of 
Brazilwood. 


Yellows. 

Persian-berry lake is prepared by extracting Persian berries two 
or three times with boiling water, dissolving alum in the combined 
and filtered liquors, and then precipitating with sodium carbonate, 
taking care to avoid excess. The precipitate is collected on a filter, 
washed, and sold in the form of paste. This lake, containing much 
starch, and sold in the dry form, is said to be employed in the 
colouring of sweetmeats, ' 

Persian-berry carmine is produced if stannous chloride is employed 
instead of alum in the above process. It is a bright orange-lake 
employed by calico-printers. 

Persian-berry lakes may also be made after the manner of Vienna 
lake, i.e. with the use of chalk, alum, and starch. 

It is essential to employ only freshly prepared decoctions if bright 
coloured lakes are desired, 

Quercitron-yellmv lake , Flavin-lake , or Dutch pink can be made 
according to the method adopted in the case of Venetian lake, by 
precipitating a decoction of quercitron bark containing alum with 
chalk. The methods employed in making yellow lakes from Persian 
berries may also be used. To ensure bright colours the decoction 
of quercitron bark is clarified by adding a little gelatin solution, 
thereby removing the tannic acid. Sometimes milk of lime is used 
instead, taking care to avoid excess. 

It is said that these quercitron colours retained their intensity by 
gaslight better than all other vegetable yellows, and were thus of 
value for theatre decorations, etc. 

The yellow natural colouring matters, especially flavine and 
Persian berries, are still in some demand for the production of 
green lakes by combination with basic green artificial colouring 
matters. 

The yellow lake is first prepared and a solution of the coal-tar 
colour precipitated upon it by tannin and tartar emetic. A partial 
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precipitation of the basic colour is effected by the tannic acid in the 
vegetable colour, but must be completed by a further addition. 
These lakes are used for wall-papers and for colouring toys. 

Stil ie Grain was a low quality of Dutch pink, and English and 
Italian finks other qualities of quercitron bark yellow lakes. 
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— colour base, 281. 

— monomethyl-ether, 298. 

— pseudo-base, 281. 

Cyanin, 238, 240, 288. 
Cyanomaclurin, 219, 437, 472. 
Cytisus scoparius, 161. 


Dahlia, 279. 

Daphne alpina, 386. 

— meter eum, 386. 

Daphnetin, 386. 

Daphnetinic acid, 386. 

Daphnin, 386. 

Datisca cannabina , 212, 620. 

Datiscetin, 620. 

Datiscin, 620. 

Decamalee gum, 622. 
Decarboxy-coccinone, 85. 
Decarboxykermesic acid, 97. 
Dehydro-emodin-anthranol, 71. 
Dehydrolapachone, 108. 

Delokanic acid, 619. 

Delphinidin, 302. 
i — pseudo base, 305. 
i Delphinin, 308. 

I — colour base, 312. 

I Delphinium consolida, 178, 302, 308. 

— ealil, 178, 211. 

j Deoxy - hydro - catechio pentamethyl 
| ether, 467. 

Deoxy-iso-santalin, 592. 

Deoxysantalin, 584. 
Deoxytrimethylbrazilone, 354. 

Depside tannins, 418. 
Diazobenzene-maclurin, 118. 

6:6' Dibromoindigotin, 528. 
Dichalkone, 141, 166. 

Dichrysarobin, 71. 

— methylether, 71. 
Dicinnamoyl-methane, 393. 

Diflavone, 141. 

Digallic acid, 421, 428. 

Digentisic acid, 435. 

Digitalis purpurea, 160. 
Dinydroberberine, ^75. 

Dihydrobixin, 612. 

Dihydrobratilinic acid, 352. 

Dihydrohswnatoxylin i c acid, 366. 
Dihydroxy-hydro-lapachol, 105. 
Dihydroxy-methybanthranol, 58. 
m- Dihydroxypheny 1-cou marin, 385. 
Diketohydrindene, 165. 
Dimethoxycarboxybenzoylformic acid, 

351. 

Dimethoxycarboxybenzylformic acid, 


Dh 


-chromone, 137. 
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Dimethyl-7-pyrone, 120. 

Dioracllinic acid, 546. 

Dioxy-xanthylene, 124. 
Dipheno-y-pyran, 124. 
Diphcnyl-dimethylolid, 398. 

Diphenyl methylolid, 398. 
Diphenyleneketone oxide, 123 
Diprotocatechuic acid, 435. 
Dipyrogallol carboxylic acid, 422. 
Di- 0 -resorcylic acid, 435. 
Disazobenzene-apigenin, 147. 
Disazobenzene-chrysin, 144. 
Disazobenzene-euxanthone, 131. 
Disazobenzene-gentisin, 133. 
Dithioxanthone, 126. 

Divi-divi, 459. 

Drosera Whittakeri , 109. 

Durasantalin, 593. 

Dyer’s broom, 158. 

Dyer’s greenweed, 158. 

Ellagic acid, 399. 

-tetramethyl ether, 402. 

Ellagitannin, 435. 

Emodin, 55, 60, 62, 63. 
Emodin-anthranol, 56, 71. 

Emodin mono-methylether, 52, 56, 60, 
63, 7 1 * 75 - 
Erica cincrea , 202, 

—' tetralix , 202. 

Eriococcus coriaceus, 608. 

Erythric acid, 551. 

Erythrin, 551. 

/ 3 -Erythrin, 553. 

Etythrina stricta , 180. 

Erythrinic acid, 551. 

Erythrogen, 237. 

Erythrolecanoric acid, 551. 

Erythrolein, 561. 

Erythrolitmin, 561. 

Erythrophyll, 237. 

Erythrozym, 24. 

Eucalyptus calophylla , 474. 

— htmiploia , 474. 

— macrorhytichat 202. 

— sfac, 473 * 

Euphrasia-tannin, 441. 

Eutannin, 433. 

Euxanthic acid, 127. 

Euxanthone, 125, 1*9. 

Euxanthonic acid, 130. 

Evernic acid, 548. 

Everninic acid, 545, 548. 

Evodia meliaefolia, 579. 

Exccecavia glandulota, 604. 

Excceqarin, 605. 

Pernambuco wood, 345. 

Ficus carica t 454. 

— religtosa, 90. 

Filitannic acid, 441. 

Fisetin, 186, 461. 


Fisetol diethyl-ether, 183. 

— dimethyl-ether, 349. 

Flavanone, 166. 

'Flavellagic acid, 405. 

Ravin, 195. 

~ lake, 628. 

Fiavogallol, 408. 

Elavogallone, 409. 
flavogallonic acid, 409. 
Flavo-kermesic acid, 95, 96. 
Flavone, 134,167. 

— natural, 140. 

Flavonol, 172. 

Flemingia congesta , 601. 
Flemingin, 602. 

Flowers of madder, 33. 

Fluorenone, 398. 

Fragarianin, 450. 
Frangulaemodin-methylether, 56. 
Frangulic acid, 62. 

Frangulin, 62. 

Fraxitannic acid, 441. 

French sumach, 454. 

Fukugetin, 160. 

Fukugi, 160. 

Fuschia macrostema globosa , 198. 
Fustin, 185. 

— tannide, 185. 

Gaillardia bicolor , 279. 

Galanga root, 176. 

Galangin, 177. 

—■ monomethylether, 178. 
Galitannic acid, 442. 

Galium aparine, 41. 

— mullugo , 41. 

— tinctorium , 40. 

— verum , 41. 

Gall-nuts, 452. 

Gallotannin, 418. 

Gambier catechu, 463. 

Gambuzza, 455. 

Gara, 523. 

Garanceux, 33. 

Garancine, 32. 

Garcinia mangostana , 128. 
Gardenia grandi/lora, 30, 604, 621. 
Gardenin, 622. 

Gemmatein, 617. 

Genista tinctoria, 158. 

Genistein, 159. 

Gentian root, 131. 

Oentiana lutea , 131. 

Gentisein, 132. 

Gentisin, 132. 

Glaucohydroellagic acid, 402. 
Gluco-sennin, 61. 
d-Glucow-apigenin, 145. 
Glycyphyllin, 113. 

Goa powder, 70. 

Goraypetin, 224. 

Gosaypetone, 225, 245. 
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Gossypetonic acid, 225. 

Gossypitol tetramethyl ether, 224. 
Gossypitrin, 227. 

Gossypium arbor turn, 230. 

— herbaceum , 224. 

— neg ledum, 230. 

— rossrum, 230. 

— sanguineum , 230. 

Gossypol, 606. 

B. Gossypol, 608, 

C. Gossypol, 608. 

D. Gossypol, 608. . 

Gossypol acetate, 607. 

— acetonate, 608. 

Grained lac, 90. 

Green alizarin, 29. 

— ebony, 604. 

. Greenheart wood, 102. 

Guarana tannin, 442. 

Guatemala indigo plant, 479. 

Hachrout, 45. 

Haematein, 375. 

— paste, 381. 

Haematommic acid, 554. 
Hamatomminic acid, 554. 
Haematoxylin, 364. 

Haematoxylinic acid, 366. 
Hamatoxylon africattum , 382. 

— campechianum, 223, 363, 400. 
Hatnamfiis virgtniaua, 434. 
Hamamclitannm, 434. 

Heather, 201. 

Helcnium auhmnalc , 279. 
m-Hemipintc acid, 349, 366. 
Hemlock-tannin, 4 42. 
0 -Hexahydroxydiphenyl, 402. 
y-Hexahydroxydiphenyl, 402. 
Hexahydroxydiphenylmcthylohd, 406. 
Hexahydroxydiphenyleneketonc ( J ), 

402. 

Hibiscus sabdaripfa , 230. 
Homoflemingin, 602. 

Homonataloin, 6g. 

Homopterocarpin, 586, 589, 591. 
Homorottlerin, 600. 

Homovitexin, 150. 

Hop tannin, 443. 

Horse chestnut tannin, 443. 

Hungarian berries, 206. 

Hydrastine, 576, 577. 

Hydrastis canadensis, 576, 578. 

• Hydro-cotoin, 113. 

Hydro-coumarone, 462. 

Hydroquercic acid, 446. 
w-hydroxyanthraquinone, 39. 
3-hydroxybrazanquinone, 357, 
Hydroxy-catechin, 466. 
3-hydroxy-chromonol, 122. 
Hydroxy-iso-lapachol, 108. 
Hydroxy-/ 3 -lapachol, 108. 
6-hydroxy-luteolin, 157. 


I Hydroxymethoxymethylanthraquinone, 
50. 

I Hydroxyquercetin, 192. 

' (r or 4') hydroxy-3 : 4 : O' : 7' tetra* 
j methoxybrazan, 373. 
Hydroxyxanthones, 126. 

1 Hystazarine monomethylether, 39. 

; Idaein, 286. 

I Impaticris Balsamttia , 180. 
j Incarnatrin, 205. 
j Indandione, 165. 

| 4 : 3-indenobenzopyranol, 378. 

I Indian madder, 36. 

— natural dyestuffs, 63 t, 

I — saffron, 388. 

j — yellow, 127. 
j Indican, 480. 

! Indicanin, 481. 

! a-indifulvin, 481. 

| / 3 -indifulvin, 481. 

■ Indiiuscin, 481. 

Indigo (analysis of), 504. 

' — brown, 499. 

. — enzyme, 487. 

— gluten, 501. 

1 — yellow, 501. 

Indigos (commercial natural), 515. 

! — rich in indirubin, 510. 

[ Indigofera arrecta, 179, 475, 479. 

— seiundijloia , 47g. 

; — sumatrana, 475, 478. 

! Indigofera*, 475. 

I Indihumtn, 481. 

! Indimulsin, 487. 

Indiretm, 481. 

I Indirubin, 496. 

: — disu'.phonic acid, 498. 

1 Indoxyl, 165, 481. 

: — brown, 487. 

' Indoxyhc acid, 481, 497. 

Insoluble red woods, 580. 

Ipecacuanhic acid, 443. 

Isatan, 483. 

Isatase, 483. 

I satis timtoria, 476, 521, 

Isobarbaloin, 68. 

— bixin, 611. 

— brazilein, 360. 

— bromhydrin, 36b. 

— chlorhydrin, 360. 

— sulphate, 360. 

I80curcumm, 394. 

Isoemodin, 52. 

Isohaematein, 378. 

— bromhydrin, 378. 

— chlorhydrin, 378. 

Iao-jS-lapachol, 104. 
lsonaphthazarin, 83. 

Isoquercitrin, 228. 
borhamnetin, 61, 203, 212, 213. 
Iso-rottlerin, 600. 
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Iso-santalin, 591. 

Isotrifolin, 204. 

Italian berries, 206. 

Jacaranda ovalifolia , 604. 
Jacarandin, 605. 

Jackwood, 218. 

J&k-wood, 218. > 

Japonic acid, 470. * 

Kabmffbride, 176. 

Kaempferin, 61. 

Kaempferitrin, 179, 502. 

Kaempferol, 60,6r, 179, 211, 212, 502. 
— monomethyl-ether, 211. 

Kamala, 598. 

Keracyanm, 296. 

Kermes, 95. 

Kermesic acid, g5. 

Ketocoumaran, 121,163. 

Kino, 472. 

Kinoin, 437, 473. 

Kolatannin, 441. 

Kopp’s purpurine, 27. 


Luteolin tetraethyl ether, 156. 
Lycoperdon gemmatum , 617. 

Maclurin, ri5. 

Madder, 23. 

, — extracts, 33. 

— lake, 623. 

— pink lake, 624. 

Mahogany, 472. 

Maho’iia nepalensis, 578. 

Malabar kino, 472. 

| Maletto-tannin, 443. 

| Mallotoxin, 599. 

I Malva silvestris, 302, 3*2. 

; Malvidin, 312, 327. 
i Malvin, 329. 

| Mang Koudu, 48. 

Mangostin, 128. 

Mangrove cutch, 463, 472. 

— tannin, 444. 

Mekocyamn, 293, 

Metagalhc acid, 420. 

Metellagic acid, 412. 

Methoxy-fisetol dimethyl ether, 190, 

216. 


Laccaic acid, 91. 

Lac dye, 90. 
a-Lapachan, 103. 

/ 3 -Lapachan, 103. 

Lapacho tree, 102. 

Lapachol, 102. 
o-Lapachone, 106. 

)8-Lapachone, 106. 

Lapachonone, 107. 

Larch tannin, 443. 

Lawsonia alba, 72. 

Lecanoric acid, 546. 

Lecanorin, 546. 

Leuco-benzoyl-coumarane, 462. 
d/Leucodigallic acid, 430. 
Leucoinaclurin pentamethyl ether, 117. 
Lichens, 529. 

Litmus, 559. 

Logwood, 363. 

— extract, 380. 

Lokaetin, 618. 

Lokam, 618. 

Lokanic acid, 619. 

Lokao, 617. 

Lokaonic acid, 618. - 
Lokaose, 619. 

Lontatia ilicifolia , 107. 

— longifolia, 107, 

Lomatiol, 107. 

Lonchocarpus cyanescens, 476, 323. 
Lotoflavin, 152. 

Lotoflavone, 174. 

Lotus arabicus , 152. * 

Lotusin, 152. 

Lotusinic acid, 152. 

Luteolin, 154, 159. 

— monomethyl ether, 146. 


a-Mcthylanthraquinone, 23. 
fl-Methylanthraquinone, 22. 
Methylisobrazilein, 362. 
Methyl-luteolin, 156. 
Methylnat-aloe-emodin, 69. 
Methylpurpuroxanthin, 50. 
Methylqucrcetin pentamethyl ether, 189. 
( Methyltannin, 423. 

| Mimosa tannin, 441. 

I Morin, 171, 213, 219. 
i Morinda citrifolia, 44. 

I — longijlora, 50. 

| — tinctoria , 44. 

— umbelluta, 48. 

Morindanol, 51. 

Morindin, 45, 49. 

Morindon, 45, 49. t 
Moritannic acid, 116. 

Morus tinctoria , 213. 

Moulmein cedar, 615. 

Mountain Ash, 279. 

Mungistin, 29, 43. 

Munjeet, 41. 

Munjistin, 42. 

Mutex bratidaris, 525, 527. 

— - trunculus, 527. 

Myrabolans, 458. 

Myrica gale , 223. 

— integrifolia, 220. 

— nagt , 220. 

— rubra, 220. 

— sapida, 220. 

Myricetin, 220, 223. 

Myricitrin, 222. 

Myrticolorin, 202. 

Myrtillidin, 312, 317. 

Myrtillin, 318. 


644 



SUBJECT INDEX 


a-NAPHTHOQUINONE, IOO. 
3 -Naphthoquinone, 100. 

Naringenin, 113. 

Narrawood, 586, 590. 

Narrin, 590. 

Natal emodin, 70. 

— indigo plant, 479, 

Nataloin, 69. 

Natural dyes of the Philippines, 633. 
Nepalin, 60. 

Nepodin, 6r. 

Nitroapigetrin, 145. 

Nitrococcussic acid, 79. 
Nitrohydroxydihydrotrimethylbiazi- 
lone, 355. 

Nitropentamethyl-quercctin, 190. 
Nona, 45. 

Nopal, 76. 

Norbixin, 611. 

Nycanthes arbor tnslis, 614. 
Nycanthin, 614, 615. 

Oak bark tannin, 444. 

— wood tannin, 44O. 
0,ctohydroxydiphenyI, 40b. 

Oenidin, 312, 331. 

Oenin, 332. 

Oenotannin, 448. 

Ojuologbo, 50. 

Old fustic, 115, 213. 

Oldenlandia umbcllatn , 36. 

Onion skins, 201. 

Onosm'i echoidcs , 73. 

Orcein, 557. 

Orchil, 556. 

— extract, 558. 

— liquor, S58. 

3-Orcin, 554. 

Orrellin, 609. 

Orsellinic acid, 543. 

Osage orange tree, 218. 

Osyrts abysiiinica, 198. 

— compressa , 198. 

Osyritin, 197. 

Oxanthranol, 22. 

Oxindigo, 163. 

Oxindole, 498. 

Oxyberberine, 575. 

Oxypinitannic acid, 448. 

Papai'BR rhoeas, 279, 293. 
Paradiscetin, 154, 188. 

Parsley, 144. 

Patent bark, 196. 

— fustin, 118. 

Peachwood, 345. 

Pelargonenin, 2C9, 279. 

Pelargonidin, 264. 

Pelargonin, 271, 279. 

Pelargonium , 242. 

— zonale, 264. 

Penta-w-digalloyl-glucose, 433. 


Pentahydroxydiphenylmethylolid, 404. 
| Pentamethyl-m-digallic acid, 431. 
i Pcntamethyldihydrohjemateinol, 377. 

■ Pentamethylqueicitnn, 194. 

' Peonidin, 298. 

Peonin, 300. 

' Peony, 279. 

, Pernambuco wood, 345. 
j Persian beiries, 206. 

I — berry carmine, 628. 

j-- lake, 628. 

I Persis, 556. 

Petunia hybrida hort , 302. 
j Petunidin, 312, 322. 

; Pctunin, 322, 324. 

! Pheno-y-pyrone, 122. 
/ 3 -Phcnyldaphnetm, 385. 

Phlobatannms, 436. 

, Phloretin, 113. 

Phloretin disa/.o-benzene, 115. 

, Phloridzin, 113, 

Phloroglucinol-tannic acid, 422. 

; Phoenicein, 617. 

| Phoemn, 617. 

1 Phylloescitannin, 448. 

! Fhysciol, 554. 

Physcion, 57. 

Ptcea eAcrisa, 400. 

Picrocrocin, 603. 

Picroerythrin, 552. 

/ 3 -Picroerythnn, 553. 

Pincoffin, 33. 

I Pimco! tannic acid, 448. 
j Pinitannic acid, 448. 

] Pistuchia Icntiscus, 454. 

— tannin, 448. 

Piuri, 127. 

Podophyllotoxm, 203. 

Podophyllum emodi , 203. 

Poinaana regia, 198. 

Polychroit, 603. 

Polygonin, 63. 

Polygonum cuspidatum, 63. 

— tinctonum, 476. 

Pomegranate liud, 400. 

— tannin, 436. 

Poplar buds, 141. 

Poppy, 279. 

Populns moniliferu, 141. 

— nigra, 141. 

— pyramidalts, 141. 

Potassium glaucomelanate, 401. 
Pratensol, 204. 

Pratol, 203, 205. 

Primula jafonica, 140. 

— pulverulenta , 140. 

Prunetin, 205. 

Prunetol, 206, 

Pruhicyanin, 297. 

Prunus avium , 279. 

— emarginata 205. 

— sero'ina, 205. 
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Prunus spinosa , 182. 

Pseudocurcumin, 395. 

Pscudoopianic acid, 572. 
Pseudopurpurin, 27. 

Pterocarpin, 586, 591. 

Pterocarpus erinaccus, 472. 

— marsupium, 472. 

— spp., 590. ^ 

Punicin, 527. 

Purging buckthorn, 210. 

Purple of the ancients, 525. 

Purpura capillus , 526 

— hoemastoma, 525. 

Purpurin, 24, 42, 43. 

Purpuroxanthin, 29, 42, 43. 

— carboxylic acid, 29, 32, 42. 

Purree, 127. 

Purrenone, 129. 

Purrone, 129. 
a-Pyrone, rig, 384. 

7-Pyrone, 119. 

Quebracho Colorado , 400, 460. 

— tannin, 460. 

Quercetagetm, 230. 

Quercetagetol tetraethyl ether, 232. 
Quercetic acid, 188. 

Quercetin, 125, 175, 187, 201, 202, 203, 
205, 212, 213, 616. 

— pentamethyl ether, 190. 

Quercetone, 192. 

Quercimeric acid, 188. 

Quercimeritrin, 227. 

Quercinic acid, 446. 

Qucrcitannic acid, 444, 451. 

Qucrcitrin, 193, 200. 

Quercitron bark, 186. 

— yellow lake, 628. 

Quercus aeplops, 400, 45S. 

— cocci/era, 95. 

— discolor, 187. 

Quenus infcctona, 452. 

— InsitanUa, 452. 

— tiuctoria , 187. 

Quinotannic acid, 449. 

Quinovatannic acid, 449. 

Ramalic acid, 551. 

Raspberry, 27g. 

Red currant, 279. 

— dura, 593. 

Reseda luteola, 153. 

Resoflavine, 410. 

Resomorin, 174. 

Rhabarberin, 51. 

Rhabarberon, 52. 

Rhamnazin, 207. 
a-Rhamnegin, 207. 

/ 3 -Rhamnegin, 207. 

Rhamnetin,'207,21 r. 

/3-Rhamnetin, 207. 

Rhamninase, 209. 

Rhamninose, 209. 


Rhamnochrysin, 210. 

Rhamnocitrin, 210. 

0 -Rhamnodtrin, 210, 

Rhamnolutin, 210. 

Rhamno-tannic acid, 449. 

Rhamnus alaternus, 206. 

— amygdalimis, 206. 

— catharticus , 179, 210. 

— cnilludica, 56. 

— dahurka , 617. 

— frangula, 61. 

— infectorius , 206. 

— oleoidcs, 206. 

— purshianos, 56. , 

1 — saxatilts, 206. 

! — tmetorta , 617. 

! Rhatany tannin, 449. 
i Rhein, 52, 55, 58, 59, 61. 

| Rheinohc acid, 52, 60. 

| Rheo-chrysidin, 57. 
i Rheotanmc acid, 449. 
i Rheum officinale , 51. 
i Rhizoninic «'cid, 556. 

I Rhodosphacra rhodanthema, 181,186. 
Rhodotannic acid, 449. 

Rhubarb, 51. 

I — tannic acid, 449. 
j Rhus aromatica , 456. 

I — lopallina, 456. 

1 — conana, 223, 453. 

; — cotinoides, 456. 

; — cotinus, 182, i 80 , 456. 

| — glabra, 456. 

— metopmn, 223, 456. 
i — pentafhyPa , 456. 

1 — pumila, 436. 

1 — scmialata, 452, 45O. 

,— toxuodendron , 456. 

1 — typhina, 456. 

| Ribcs rubrum, 279. 
j Robigenin, i8r. 
i Robinia pseudaiacia , 148. 

i - ftoivers, 180. 

1 Robinin, 149,180. 

| Rosa gallica, 239, 279, 28$, 

| Rose, 242. 

1 Rosocyanine, 395. 

I Rottlcrin, 599. 

| ^-Rottlerm, 600. 

Ruberythric acid, 25, 26, 37. 

Rub 1 a cordifolia, 41. 

; — khasiana, 43. 
j — munjista , 41. 

: — sikkimensis, 43. 

! — iinctorum , 23. 

Rubiacin, 31. 

Rubiadin, 31. 

— glucoside, 31. 

Rubian, 24. 

Rubianic acid, 25. 

Rubichloric acid, 29, 37, 49 > 621. 
Rubinic acid, 470. 

646 



SUBJECT INDEX 


Rubitannic acid, 450. 
Ruficarmine, 78. 

Ruficoccin, 78,88. 
Rufohydroellagic acids, 402. 
Rumex ecklonianus , 60. 

— nepalensis, 60. 

— obtusifolius, 198. 

Rumicin, 6o. 

Russian sumach, 457. 

Rutin, 197, 200. 

Safflower, 594. 

— yellow, 594. 

Saffron, 602. 

— oil, 603. 

Salvia coccinea , 264, 275. 

— splendens , 264, 275. 
Salvianin, 275. 

Salvin, 277. 

Salvinin chloride, 278. 

Sandel red, 581. 

Sanderswood, 581. 

Santal, 582, 589. 

Santalic acid, 581. 

Santalin, 581. 

Santalone, 5^9. 

Santol, 589. 

Saponaretin, 151. 

Saponaria officinalis, 150. 
Saponarin, 151. 

Sappanwood, 345. 

Scoparin, 161. 

Scutellarein, 162. 

Scutellaria altissma, 162. 
Scutellarin, 162. 

Seeth water, 503. 

Senegal kino, 472. 

Senna, 61. 

Senna-chrysophanic acid, 61. 
Senna-emodin, 61. 
Senna-isoemodin, 61. 
Senna-rhamnetin, 61. 
Sequiatannic acid, 450. 
Shellac, 90. 

Sicilian sumach, 453. 

Sloe, 279 

Smilax glycyphylla, 113. 
Sophora japonica, 200. 
Sophorin, 197, 200. 
Sorbitannic acid, 450. 
Sorghum saccharatum, 593 * 

— vulgare, 593. 
Spaniolitmin.^bi. 

Spanish berries, 206. 

— chestnut, 452. 

Spruce bark tahnin, 450. 
Squamaria elegans, 55. 

Stick lac, 90. 

Stylophorum diphyllum, 578. 
Sumach, 453. 

Suranji, 44. 

Synthesis of berberine, 577. 


Synthesis of fisetin, 184. 

-indigotin, 516. 

-isobrazilein hydrochloride, 361. 

-morin, 216. 

-pelargomdm, 254. 

-quercetin, 191. 

Synthetic products of the anthocyan 
series, 336. 

Tagetbs patula , 230. 

Tamanx africana, 455. 

— gallica, 455. 

Tannecortepimc acid, 450. 

Tannic acid, 418. 

Tannin, 418. 

Tannins, 413. 

Tannopinic acid, 45!. 

Tea tannin, 45r. 

Tccomin, 344. 

Tectochrysm, 144. 

Terminalia catappa, 200. 

— ihcbula , 399 , 433 * 458 - 
Terra merita, 388. 
Tetramethoxy-a-brazanquinone, 372. 

3 :4:6': 7' tctramethoxybrazanquinone, 
373 - 

retramethoxycumarono - iso - coumann 
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